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F o r e w o r d
G r o u n d n u t i s an i m p o r t a n t c r o p t h a t can supp ly o i l and p r o t e i n t o the peoples o f
A f r i c a and give a d d i t i o n a l cash i ncome to bo ls ter the meager persona l incomes o f
fa rmers . In the recent past g r o u n d n u t was a c r o p o f preeminence in the semi -a r id
t rop i cs o f A f r i c a . Repe t i t i ve d r o u g h t a n d diseases have reduced the f a r m e r s ' ab i l i t y t o
p roduce re l iab le and p ro f i t ab l e y ie lds ; a f l a t o x i n and o ther qua l i t y fac tors have made
Af r i ca ' s c rop less at t ract ive on the W o r l d marke t .
A resurgence of g r o u n d n u t p r o d u c t i o n is needed a n d th is was c lear ly the basis f o r
the I n t e r n a t i o n a l S y m p o s i u m on A g r o m e t e o r o l o g y o f G r o u n d n u t . Because weather-
re la ted fac tors were i n v o l v e d i n the r e d u c t i o n o f the g r o u n d n u t c r o p , i t i s v i t a l t ha t
research renew the crop 's v i g o r based on a clear unde rs tand ing of c l ima to log i ca l
sett ings where success m a y be achieved. O u r know ledge has a t ta ined a level t h a t w i l l
p e r m i t us to deve lop methods and models o f g r o u n d n u t t ha t have s t rong pred ic t ive
value.
I t i s n o w ou r task to use a l l o f o u r know ledge o f c l ima te , water re la t ionsh ips , and
soils in concer t w i t h o the r necessary research d isc ip l ines to d iscover new ways f o r
successful g r o u n d n u t cu l tu re . Th i s s y m p o s i u m , i n v o l v i n g as i t d i d m a n y disc ip l ines,
was an i m p o r t a n t event f o r A f r i c a .
I hope these proceedings w i l l be o f he lp to b o t h researchers and ag r i cu l t u ra l
p lanners t h r o u g h o u t the semi -ar id t rop ics .
C.R . Jackson
D i r e c t o r , I C R I S A T Sahe l ian Center
a n d West A f r i c a P rog rams
vi i
Opening Session
Chairman: B. Coly Rapporteur: M.C. Klaij
Co-chairman: M. Boulama
Welcoming Addresses
L . D . S w i n d a l e
Internat ional Crops Research Institute for the Semi-Ar id Tropics
I e x t e n d t o y o u m y w e l c o m e t o th is I n t e r n a t i o n a l S y m p o s i u m o n the A g r o m e t e o r o l -
ogy o f G r o u n d n u t o n beha l f o f I C R I S A T a n d a l l the techn ica l sponsors w h o have
o rgan ized th is mee t i ng a n d b r o u g h t th is en l igh tened g r o u p together . T h e g o v e r n m e n t
o f N i g e r w i l l i tse l f ex tend an o f f i c i a l we lcome a t the conc lus ion o f my address.
I w i sh to congra tu la te the sponsors on w h a t has o b v i o u s l y been a we l l -o rgan ized
and a we l l -a r ranged meet ing . T h e response f r o m the par t i c ipan ts is very encourag ing . I 
w o u l d also l i ke t o t h a n k the l oca l o rgan izers , l oca l I C R I S A T , I N R A N , and
A G R H Y M E T s ta f f f o r the a r rangements t ha t they have made t o ensure the success o f
th is conference.
T h i s i s a very i m p o r t a n t occas ion f o r I C R I S A T because i t i s the f i r s t t i m e t h a t we
have been s ign i f i can t l y i nvo l ved in deve lop ing an i n t e r n a t i o n a l sc ient i f ic conference
here i n N ige r . P rev ious ly we have h a d i n te rna l I C R I S A T meet ings t o w h i c h some
peop le f r o m outs ide I C R I S A T have been i n v i t e d , a n d we have also been respons ib le
f o r he lp ing to organize reg iona l meet ings here in the Sahe l ian reg ion .
B u t th is i s the f i r s t t i m e we have h a d the respons ib i l i t y to he lp assemble peop le f r o m
a l l par ts o f the w o r l d to discuss an in te res t ing subject t h a t i s re levant to a l l par ts o f the
w o r l d and p a r t i c u l a r l y t o the Sahe l ian reg ion . T h i s i s the f i r s t t i m e , b u t ce r ta in l y n o t
the last , because w h e n the I C R I S A T Sahe l ian Center is f u l l y deve loped, I expect t ha t
we w i l l be able to have i n t e r n a t i o n a l meet ings o f th is ca l iber , p r o b a b l y once a year.
A n d I h o p e , M r . M i n i s t e r , t ha t y o u w i l l f i n d i t a n in te res t ing prospect t ha t N i a m e y w i l l
become the M e c c a f o r i n t e r n a t i o n a l sc ient i f ic meet ings concen t ra t i ng pa r t i cu l a r l y on
ag r i cu l t u ra l p rob lems o f the Sahe l ian reg ion .
As y o u w e l l k n o w , g r o u n d n u t i s a ve ry i m p o r t a n t c r o p and I w i l l n o t enlarge u p o n
it 's i m p o r t a n c e as i t w i l l be discussed by m a n y o f y o u over the nex t few days. I t i s one o f
I C R I S A T ' s manda te c rops . I t i s an i m p o r t a n t c r o p t o the count r ies o f the deve lop ing
w o r l d , where m o r e t h a n abou t 8 0 % o f the c r o p i s g r o w n .
I n d i a a n d C h i n a are ve ry large consumers o f th i s c r o p . I n d i a i s the largest p r o d u c e r
o f g r o u n d n u t and they ca nno t sat isfy the i r o w n d e m a n d . So the poss ib i l i t ies o f
S o u t h - t o - S o u t h t rade are ve ry rea l f o r th i s c r o p . I t h i n k t h a t th is i s an i m p o r t a n t
cons ide ra t i on . In West A f r i c a n Sahe l ian coun t r i es , g r o u n d n u t s have been a m a j o r
a g r i c u l t u r a l e x p o r t in the past . I t i s a great shame t h a t the g r o u n d n u t p r o d u c t i o n has
dec l ined so s ign i f i can t l y in recent years a n d t h a t th is source o f f o re ign exchange is no
longer ava i lab le . I n th is c o u n t r y , a b o u t 200000 tonnes o f expo r ted g r o u n d n u t s i n 1967
has d r o p p e d to abou t 2000 tonnes in 1984. We w o u l d l i ke to see tha t i n the f u t u r e th is i s
changed a n d once aga in coun t r i es o f the Sahe l ian reg ion become m a j o r expor te rs o f
th is very i m p o r t a n t i ncome-ea rn ing c r o p . I t i s i m p o r t a n t n o t o n l y f o r the coun t r ies '
f o r e i g n exchange, b u t also i m p o r t a n t as a source o f cash f o r f a rmers , to he lp t h e m b u y
the p r o d u c t s t h a t they need. I n o rde r t o solve the m a n y p rob lems tha t ex is t w i t h th is
c r o p , a ve ry ser ious m u l t i d i s c i p l i n a r y e f f o r t i s g o i n g to be needed. Y o u w i l l need to
in tegra te the know ledge o f m a n y d i f fe ren t types o f special ists i n t o we l l - cons t ruc ted
research p rog rams t h a t focus on the m a j o r p rob lems o f th is c r o p , and b r i n g abou t
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p r o d u c t i o n changes so t h a t t he fa rmers a n d u l t i m a t e l y a l l the peop le o f these count r ies
can benef i t .
T h e o rgan i z i ng c o m m i t t e e o f th is s y m p o s i u m , conscious o f the i m p o r t a n c e o f
g r o u n d n u t i n the f u t u r e o f these coun t r ies , has dec ided to h o l d th is meet ing here, and
the gove rnmen t o f N ige r has g rac ious ly suppor ted o u r request. To decide on the f u tu re
research focus i s an u rgen t task , and I request a l l o f y o u to w o r k h a r d d u r i n g the nex t
few days o f th is s y m p o s i u m and on the f i n a l day t o come f o r w a r d w i t h some very
ser ious poss ib i l i t ies f o r research act iv i t ies a n d p r o g r a m s . I C R I S A T in tends to be a 
s ign i f i can t c o n t r i b u t o r to these research e f fo r ts . We have a subs tan t ia l p r o g r a m on
g r o u n d n u t research a t I C R I S A T Center i n H y d e r a b a d , I n d i a . T h e leader o f t ha t
p r o g r a m , M r . G i b b o n s , i s here t o d a y a long w i t h some o f his col leagues f r o m the
p r o g r a m to m a k e sure t ha t we con t r i bu te t o th is w o r k .
I n a d d i t i o n , we are c o n s t r u c t i n g , w i t h the pe rm iss ion a n d act ive s u p p o r t o f the
G o v e r n m e n t o f N ige r , a research center a t Sador6 near N i a m e y . A n d I hope t ha t mos t
o f y o u w i l l have a n o p p o r t u n i t y w h i l e y o u are here t o v is i t o u r Sahe l ian Center . T h e
f a r m is f a i r l y w e l l deve loped th is year. T h e expe r imen ta l f ie lds are d o i n g we l l , and I am
sure t h a t we w i l l have excel lent results f r o m o u r research th is year. I hope t ha t y o u w i l l
be able t o see th is w o r k a n d un de rs ta nd h o w we are w o r k i n g i n th is r eg i on . A t the
m o m e n t we are n o t d o i n g m u c h w i t h g r o u n d n u t . B u t I can assure y o u t ha t we w i l l . We
have received the a u t h o r i t y to a p p o i n t three i n te rna t i ona l l y - rec ru i ted scientists to the
g r o u n d n u t p r o g r a m a t the I C R I S A T Sahe l ian Center . F o r t w o o f the posts, we have
n o t o n l y the a u t h o r i z a t i o n b u t also the funds a n d we are in the process o f r ec ru i t i ng f o r
these t w o posts . F o r the t h i r d one , w e have o n l y a u t h o r i z a t i o n , n o t the f unds . W e w i l l
have to see w h a t o u r d o n o r s w i l l c o n t r i b u t e in 1986 to enable us to f i l l th is pos t as we l l .
We expect to have a g r o u n d n u t breeder , pa tho log is t , and an ag ronomis t a t the hear t o f
th is t e a m w o r k i n g together w i t h the m i l l e t t e a m and the resource management team
w h i c h we a l ready have a t the Sahe l ian Center . T w o weeks f r o m t o d a y we w i l l have a 
m e e t i n g o f a l l t he d o n o r s , a lso here i n N i a m e y , and w e w i l l t a l k t o t h e m a b o u t the
resul ts o f th i s s y m p o s i u m a n d abou t o u r o the r w o r k . W e w i l l ask t h e m t o come
f o r w a r d w i t h the necessary f u n d i n g so tha t we can con t inue w i t h o u r w o r k .
I am also ve ry pleased to i n f o r m y o u t ha t a m a n w h o i s w e l l k n o w n to the
i n t e r n a t i o n a l f r a te rn i t y o f g r o u n d n u t scientists, D r . Cu r t i s Jackson , has been
a p p o i n t e d as the D i r e c t o r o f the I C R I S A T Sahe l ian Cente r and o f a l l o u r West
A f r i c a n p r o g r a m s . H e w i l l b e c o m i n g here p e r m a n e n t l y i n N o v e m b e r o f th is year. D r .
J a c k s o n i s c u r r e n t l y the D i r e c t o r f o r I n t e r n a t i o n a l C o o p e r a t i o n o f I C R I S A T itself .
He i s c o m i n g here to take over the respons ib i l i t y f o r Wes t A f r i c a n p r o g r a m s because
we cons ider th is a very i m p o r t a n t p a r t o f I C R I S A T , a n d he w i l l have my f u l l
con f i dence and s u p p o r t . He w i l l be able to deve lop the p r o g r a m s here, as p a r t o f
I C R I S A T , b u t w i t h a great deal o f a u t o n o m y and self suf f ic iency so t h a t they w i l l
rea l l y be able to serve th is reg ion and solve the p rob lems of th is reg ion . These are
th ings t h a t w e are w i l l i n g t o d o a n d are g o i n g t o d o f o r g r o u n d n u t i n the Sahel i n the
f u t u r e . We hope t ha t o the r o rgan iza t i ons present here t o d a y w i l l be able t o c o n t r i b u t e
very s ign i f i can t l y t o the f u t u r e p r o g r a m and t h a t th is c o u n t r y and a l l the count r ies o f
the Sahel and o f West A f r i c a w i l l benef i t f r o m the research e f fo r ts . T h a n k y o u .
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D. Rijks
World Meteorological Organization
On beha l f o f the Secretary Genera l I am pleased to ex tend a we lcome to y o u to a t tend
th is sympos ium on the A g r o m e t e o r o l o g y o f G r o u n d n u t . I also w ish to t h a n k the
Gove rnmen t o f N iger f o r i ts k i n d i nv i t a t i on t o h o l d th is sympos ium i n N iamey .
One o f the p r i n c i p a l tasks o f W M O i s the p r o v i s i o n o f suppo r t t o n a t i o n a l me teo ro -
log ica l services f o r the o rgan iza t i on , co l lec t ion , analysis, e x p l o i t a t i o n , and app l i ca t i on
o f meteoro log ica l and hyd ro log i ca l da ta . A m o n g its p rog rams, the W o r l d M e t e o r o -
log ica l O rgan i za t i on counts the ' P r o g r a m on App l i ca t i ons o f Meteoro logy* . M a j o r
app l i ca t i on areas in th is p r o g r a m are av ia t i on , mar ine services, and agr icu l tu re . O the r
areas are the app l i ca t i on o f meteoro log ica l knowledge to energy mat ters and to
water-resources management . T h e App l i ca t i ons P r o g r a m is suppor ted by the o ther
P r o g r a m s , n o t a b l y the W o r l d Wea the r W a t c h , the H y d r o l o g y and W a t e r Resources
P r o g r a m , and the W o r l d C l ima te P r o g r a m .
The m a i n object ives o f the A g r i c u l t u r a l M e t e o r o l o g y P r o g r a m are the d e f i n i t i o n o f
requ i rement by users; the descr ip t ion o f the agr i cu l tu ra l po ten t ia l o f agroc l imat ic
reg ion ; the de f i n i t i on o f the requ i rement o f d i f fe rent crops and c r o p p i n g systems; the
f o r m u l a t i o n o f p rac t ica l app l i ca t i on techniques to help meteoro log ica l services to
p r o v i d e users w i t h the i n f o r m a t i o n requ i red ; and the educa t i on , t r a i n i n g , t ransfer o f
know ledge , and technica l c o o p e r a t i o n act iv i t ies necessary to imp lemen t the above
object ives.
I am conv inced tha t th is s y m p o s i u m w i l l he lp the meteoro log ica l c o m m u n i t y to
achieve these object ives and in pa r t i cu la r to def ine the user requi rements and prac t i ca l
app l i ca t i on techniques. I t i s the w ish o f W M O tha t the results o f th is s y m p o s i u m w i l l
he lp na t i ona l meteoro log ica l services to make the i r c o n t r i b u t i o n to the increase o f
ag r i cu l tu ra l p r o d u c t i o n i n the w o r l d .
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Excel lencies, D i rec to rs Genera l , Ladies and Gen t l emen ,
I w i s h on beha l f o f M r . E . S a o u m a , D i r e c t o r Genera l o f F A O , t o we lcome a l l
pa r t i c ipan ts t o th is s ympos ium on the ag rometeoro logy o f g r o u n d n u t , j o i n t l y spon-
sored b y I C R I S A T , W M O , F A O , and the Peanut C R S P .
T h i s s y m p o s i u m is the f i f t h in a series w h i c h cons idered whea t in 1973, maize in
1976, r ice in 1979, and s o r g h u m and m i l l e t in 1982. I w i s h also to reca l l t ha t af ter the
s o r g h u m and m i l l e t w o r k s h o p in N o v e m b e r 1982 in I n d i a , th is i s the second mee t ing
f o r w h i c h we have benef i ted f r o m the beau t i f u l l oca l a r rangements organ ized by
I C R I S A T . I w i sh to t h a n k I C R I S A T sincerely f o r these ef for ts .
I am sure t ha t because o f the d iverse subjects w h i c h w i l l be t rea ted d u r i n g the week,
and the exchange o f v iews we w i l l have outs ide the meet ings and d u r i n g the f i e ld t r i p ,
everyone o f us w i l l go h o m e w i t h an i m p r o v e d know ledge o f the g r o u n d n u t c rop and
its ag rometeoro logy .
I w i sh y o u a pleasant and f r u i t f u l week in N i a m e y .
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Agrometeorology of Groundnut in the Semi-Arid Tropics:
Need, Relevance, and Objectives of the Symposium
S . M . V i r m a n i 1
I am honored to have been cal led u p o n to def ine b road ly the purpose and objectives o f
this interagency sympos ium on the agrometeoro logy of g roundnu t , Arachis hypogaea 
L. Y o u are aware tha t th is meet ing has been cosponsored by several i n te rna t iona l and
na t iona l agencies, and let me at the outset recognize them. These are: the W o r l d
Meteoro log ica l Organ iza t ion ( W M O ) ; the F o o d and Agr i cu l tu re Organ iza t ion ( F A O )
of the Un i ted Na t ions ; Peanut Co l labora t ive Research Suppor t P r o g r a m (Peanut
C R S P ) o f the Un i ted States Agency fo r In te rna t iona l Deve lopment ( U S A I D ) ; Ins t i tu t
N a t i o n a l de Recherches A g r o n o m i q u e du N iger ( I N R A N ) , the A g r i c u l t u r a l Research
Depa r tmen t o f Niger ; and our hosts A G R H Y M E T , the W M O reg ional center f o r
t r a i n i ng in agr icu l tu ra l meteoro logy and hydro logy . I C R I S A T is indebted to a l l the
sponsors and others w h o have helped organize the sympos ium. We al l have a c o m m o n
interest. I t is to ensure tha t results of agr icu l tu ra l research are appl ied to increase and
stabi l ize agr icu l tu ra l p roduc t i on in ra in fed , d r y l and regions o f the seasonal ly-dry
t rop ics . In a broader sense, t hen , the overa l l object ive of th is sympos ium is to assist in
the c o m p i l a t i o n o f al l the agrometeoro logy-re lated knowledge on the g roundnu t -
based f a r m i n g systems o f the semi-ar id t rop ics ( S A T ) , and to pu t together
recommendat ions fo r eva luat ion and adop t ion by the countr ies concerned.
The scienti f ic a im of this sympos ium is to b r i n g together researchers to discuss and
review new ideas and perspectives related to groundnut -based d ry land c rop -
p r o d u c t i o n systems of the t rop ics , so that we can take away someth ing that w i l l
enhance and sharpen our professional ski l ls. The sympos ium, I am sure, w i l l p rov ide a 
f o r u m to learn f r o m each other's w o r k so tha t a d ia logue between interested workers is
establ ished on a con t i nu ing basis. Exchange of da ta , exper imenta l p lans, research
methodologies and related mater ia ls , germp lasm, etc., cou ld fo l l ow . W i t h this in v iew,
the organ iz ing commi t tee of the sympos ium has t r ied to design the p rog ram in such a 
way tha t , as a result of this sympos ium, in terd isc ip l inary research w i l l get the necessary
encouragement, and cooperat ive research ef for ts w i l l be enhanced. F r o m the p rog ram
y o u w i l l have noted that adequate t ime has been left f o r discussion in each session. We
hope this w i l l be conducive to the expression of d i f ferent ideas. Le t us a l l w o r k towards
creat ing a relaxed atmosphere in the meet ing that we associate w i t h t imetables.
I w o u l d n o w l ike to read ou t the objectives of this sympos ium established by the
organ iz ing commit tee. These are:
• To p rov ide a f o r u m f o r the exchange of i n f o r m a t i o n about the agrometeoro logy of
g roundnu t i n the S A T ;
1. Principal Agroclimatologist, Resource Management Program, ICRISAT Center, Patancheru, A.P. 502324, India.
ICR ISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut.
Proceedings of an International Symposium, 21-26 Aug 1985, I C R I S A T Sahelian Center, Niamey, Niger. Patancheru,
A.P. 502324, India: ICRISAT.
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• To review the present knowledge of agrometeorological factors that p r i m a r i l y
inf luence the g r o w t h and development of g roundnu t and ident i fy research gaps;
• To review and evaluate techniques and methods ( i) to describe and better
unders tand the extent and in tens i ty o f weather r isks to c rop p r o d u c t i o n , and ( i i ) to
quan t i f y the response of g roundnu t to its g row ing env i ronments;
• To fo rmu la te a p lan of ac t ion f o r na t iona l and in te rna t iona l research ins t i tu t ions to
ident i fy p r i o r i t y research areas and col laborat ive w o r k , and to disseminate research
results; and
• To help apply operat iona l agrometeoro log ica l i n f o r m a t i o n to imp rove g roundnu t
p roduc t i on bo th quant i ta t ive ly and qual i ta t ive ly .
The t ime seems appropr ia te f o r a meet ing of th is type. The S A T countr ies are go ing
t h r o u g h a d i f f i cu l t phase in so far as their agr icu l tu ra l p roduc t i on is concerned. The
p o p u l a t i o n pressure in many S A T countr ies is increasing. The c rop yields are dec l in-
i ng . M i n o r per turbat ions in c l imate and weather, var ia t ions that are n o r m a l l y charac-
ter ist ic of the c l imate of S A T ecologies, are cur ren t ly causing a catast rophic impac t on
f o o d p roduc t i on leading to hunger and s tarvat ion.
The i m p o r t a n t roles of agr icu l ture and related act iv i t ies in semi-ar id agr icu l ture are
obv ious when one considers tha t in excess o f 8 0 % of the p o p u l a t i o n in many o f the d ry
t rop ica l countr ies derives its sustenance f r o m agr icu l ture. Some 6 0 % of the i r gross
na t iona l p roduc t comes f r o m agr icu l ture . As w i t h any m o d e r n indus t r ia l opera t ion
today , agr icu l ture faces demands f o r increased p roduc t i v i t y wh i ch must be balanced
by concerns f o r env i ronmenta l p ro tec t ion . The p rob lem is o f serious concern in the
groundnut -based f a r m i n g systems, because i t is the ma in cash crop of the smal l
farmers . The agroc l imato log is ts and agronomists have the ab i l i t y to p rov ide weather-
related i n f o r m a t i o n as a management t o o l f o r dec is ionmak ing to m in im ize th is
apparent con f l i c t . We hope to cover th is aspect adequately in the course o f th is
meet ing.
The in t imate in ter re la t ionship between the c l imate, agr icu l ture, and f o o d p roduc-
t i o n is we l l k n o w n . W h i l e other subject areas of agr icu l tu ra l sciences have developed
fa i r l y rap id l y over the past 50 years or so, agr i cu l tu ra l meteoro logy has no t . There are
several reasons f o r th is d iscrepancy, b u t the ma jo r cause has been the lack of quan t i t a -
t ive i n f o r m a t i o n on c rop-env i ronment in teract ions, par t i cu la r ly those related to soi l
mois ture.
W i t h the easy ava i lab i l i t y of microprocessors since the ear ly 70s, the task of
co l lec t ion, assembly, and t ransmission of diverse and large volumes of weather data
has become relat ively s imple. The cons t ruc t ion of au tomated weather stat ions has
been s impl i f ied due to the i r use. T h u s , meteoro log ica l da ta can now be rout ine ly
col lected on a regular t ime schedule f r o m diverse areas representat ive of the t rop ics .
Th is has led to the establ ishment of a large number of agrometeoro log ica l observato-
ries where data relevant to agr icu l ture are systematical ly col lected.
The ins t rumenta t ion and record ing devices f o r m o n i t o r i n g p lan t g r o w t h over shor t
to l ong intervals has vast ly i m p r o v e d in the past t w o decades. Th is has led to increased
weather-related research in agr icu l ture. O u r cur rent unders tand ing o f re lat ionships
between meteoro log ica l factors and b io log ica l phenomena is f a i r l y adequate. Th is
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process shal l cont inue as new insights are gained f r o m past exper iments and as data
acqu is i t i on and record ing systems constant ly improve . We n o w have the capab i l i t y to
computer -s imu la te c rop g r o w t h and development based on the quant i ta t ive re la t ion-
ships between phys io log ica l response of c rop plants and meteoro log ica l factors.
Expe r imen ta l evidence col lected f r o m actual f ie ld results has con f i rmed that the
s imu la t i on techniques are robust and can be used as research and app l ica t ion tools.
T o d a y we are at a po in t where the f o l l ow ing have been achieved:
• A n e t w o r k of agrometeoro log ica l observatories across the S A T manned by sui ta-
b ly t ra ined meteorologists has been established;
• the ab i l i t y to disseminate agrometeoro log ica l data f o r many locat ions on real- t ime
basis exists;
• compute r models are avai lable f o r m a k i n g weather- and cl imate-dependent c rop
management decisions; and
• a serious a t tempt is cu r ren t l y under way to gather meteoro log ica l da ta f o r opera-
t i ona l purposes.
We need to harness the science and technology of weather and c l imate appl ied to
agr icu l tu ra l p roduc t i on . Th is type o f under tak ing requires inputs f r o m meteorologists
as we l l as agronomists , p lant physiologists, entomologis ts , pathologists, and others.
Thus , experiences shared between and among these groups tend to h igh l igh t the
in terd isc ip l inary needs and prov ide perspectives fo r solv ing s imi lar problems.
D u r i n g the course of this sympos ium we w i l l be discussing several appl icat ions of
basic weather and cl imate data in such areas as:
• G loba l g roundnu t p roduc t i on : agroecological characterist ics, c rop zona t ion ,
review and appraisal o f b io log ica l constra ints to increased g roundnu t p roduc t i on
i n the S A T .
• Weather re lat ions of the g roundnu t c rop : adap ta t ion studies, water use, and
response of g roundnu t to d rough t stress.
• C l imate requirements of g roundnut : phenology and c l imate, physio logical response,
and selection fo r diverse env i ronments.
• C l imate and g roundnu t p roduc t i on : disease and pest incidence, postharvest and
c ropp ing systems techniques.
• App l i ca t ions of agrometeoro logy to g roundnu t cu l t i va t ion : agr icu l tura l m o n i t o r -
i ng and early w a r n i n g systems, status of appl ied research and development , m ic ro -
c l imate man ipu la t i on .
D r . E.T. Kanemasu , I am sure, w i l l refer to a number of po ten t ia l l y i m p o r t a n t
appl icat ions o f agroc l imat ic knowledge in c rop p roduc t i on . I w o u l d l ike to b r ing to
y o u r a t ten t ion a recent paper (Rues ink 1981) on insect pest management u t i l i z ing
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weather data that showed by m a k i n g effective use of weather i n f o r m a t i o n , insect
popu la t i on dynamics can be accurately forecast. The amoun t of insecticide to be
appl ied can be var ied accord ing ly to produce economic yields. Th is research has
resulted in less po ten t ia l con tam ina t i on to the env i ronment , lower pesticide use, less
money spent by farmers, and lower energy use (associated w i t h the app l ica t ion of the
pesticide). S im i la r benefits can be obta ined f o r farmers by f o l l o w i n g weather-related
i n f o r m a t i o n . We at I C R I S A T have used ra in fa l l c l imato logy i n f o r m a t i o n in associa-
t i o n w i t h several countr ies of the Sahel f o r del ineat ing the semi-ar id areas, zones of
isocl imes f o r the t ransfer o f improved agr icu l tu ra l technologies, and f o r de f in ing
prob lems of in terd isc ip l inary co l laborat ive research ( I C R I S A T 1984 pp . 137-166). I 
believe tha t the knowledge of meteoro log ica l sciences as appl ied to agr icu l tu ra l
research and development is current ly adequate, however the procedures fo r dissemi-
na t ing i n f o r m a t i o n f o r agr icu l ture are not adequate. In this contex t i t may be interest-
i ng to recal l the General Accoun t i ng Off ice Repor t ( G A O 1979) wh ich lamented that
'Ag r i cu l t u ra l weather i n f o rma t i on is no t effectively communica ted to users.'
I believe tha t the t ime has now come fo r an effective d ia logue between the ins t i t u -
t ions located in the S A T and others interested in the prob lems o f this area to
operat ional ize weather-related i n fo rma t i on fo r use by our agr icu l tu ra l commun i t y .
We need to col lect weather and c rop data on a u n i f o r m basis. We need to agree on a 
c o m m o n f o r m a t fo r the exchange o f i n f o r m a t i o n and analyt ic procedures. W i t h o u t
this c o m m o n g round , the ab i l i ty to ut i l ize the weather i n f o r m a t i o n fo r research, and to
develop improved agr icu l tura l practices w i l l no t be fu l l y real ized. The benefits of
m o d e r n c l imate data technology w i l l no t reach the smal l f a r m holders in the develop-
ing countr ies. These and other related questions w i l l have to be resolved soon.
W i t h that f i na l thought , M r . C h a i r m a n , I l o o k f o rwa rd to a week of useful meetings.
A n d let me add my o w n welcome to you a l l . T h a n k you .
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Groundnut: The Unpredictable Legume?
Product ion Constraints and Research Needs
D . G C u m m i n s 1
Abstract
A series of conferences in the United States on the culture of groundnuts resulted in the 1951 
publication The Peanut—the Unpredictable Legume. Subsequent research, some 
of which will be discussed in the present symposium, has shown to the contrary that groundnut is 
a predictable legume. Because of its value as a food and oil source, an animal feed, and its 
adaptability to a wide range of soil and climatic conditions, groundnut has spread from its origin 
in South America to most countries within the boundaries of 40°N and 40°S latitudes. Ground-
nut is an important crop in the semi-arid tropics, that produces about 67% of the world crop. 
Production in the semi-arid tropics is constrained by socioeconomic, biological, and environmen-
tal factors. The future of groundnut in this region depends on the extent to which research 
provides solutions to these constraints, and the successful transfer of new technology to the user. 
I n t r o d u c t i o n
Before I proceed wi th the topic I have chosen for my
talk today, I would like to add some other com-
ments. I am pleased that the Peanut Collaborative
Research Support Program (Peanut CRSP) is a 
cosponsor of this symposium on the influence of
climate on the production of groundnut in the semi-
arid tropics. The Peanut CRSP is a relatively new
program, funded in July 1982 by the United States
1. Professor, University of Georgia, Georgia Experiment Station, Experiment, Georgia 30212; and Program Director of the Peanut
Collaborative Research Support Program (CRSP), supported by US A I D Grant No. DAN-4048-G-SS-2065-00. Opinions stated are those of
the author and not an official position of U S A I D .
I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICR ISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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Agency for International Development (USAID)
and cost-shared by the United States and host-
country collaborating institutions. It is designed to
bring the expertise wi th in the U.S. university agri-
cultural research community to bear on food pro-
duction and uti l ization needs in developing coun-
tries. This goal is accomplished through a collabora-
tive research linkage between selected U.S. and
host-country groundnut research programs and re-
searchers. The University of Georgia manages the
program, which includes four U.S. universities and
nine host countries, w i th projects in breeding and
cultivar improvement, pest management, aflatoxin
management, soil microbiology, and food technol-
ogy. I personally appreciate the opportunity to pres-
ent the opening lecture to this symposium. I believe
this symposium and planning workshop can have a 
great influence on the search for informat ion that
wi l l aid the opt imum use of the fragile semi-arid
tropical environment for groundnut production, fo l -
lowed by an increase in the food supply and wel l-
being of the human population of the region.
T h e Unpred ic tab le L e g u m e
The 'Unpredictable Legume' may seem an unusual
title for my talk, but it does have some historical
background. Diversification in crop production in
the southeastern United States, especially fo l lowing
the lasting effects on the cotton industry of the bol l
weevil epidemics in the early 1920s, led to increased
production and commercialization of groundnuts.
Subsequent research informat ion was compiled in a 
book titled The Peanut—The Unpredictable Legume
published in 1951 by the National Fertilizer Associa-
t ion, Washington, D.C., and sponsored by the Plant
Food Research Committee of that association.
Author i tat ive information was brought together on
the crop f rom a mass of data, often contradictory,
inconsistent, and erratic. Nevertheless, it presented a 
consolidation of then current ideas that formed a 
sound foundat ion for economic product ion of the
crop and identified research needs.
The development of the book began in 1937 when
the problem of varying results involving fertilizer
f ield trials w i th groundnuts engaged the attention of
the Plant Food Research Committee of the National
Fertilizer Association. The need for more research
was presented to and approved by the Southeastern
Agronomy Research Committee of the Southeast-
ern Experiment Stations in January 1939. A series of
annual conferences of research workers fol lowed
f rom 1939 through 1948. These scientists contr ib-
uted data and observations which stimulated new
research and clarified previous findings. Sometime
in these series of conferences someone appropriately
referred to groundnut as an 'unpredictable legume',
hence the book tit le. Many distinguished authorities
were involved in the conferences. One of the confer-
ence chairmen was Dr . Ralph W. Cummings, Nor th
Carolina Agricultural Experiment Station, and later
Director General of I C R I S A T (National Fertilizer
Association 1951).
Why the question mark in the tit le I selected, The
Unpredictable Legume? In view of the inconsisten-
cies in the early research data, I am sure this was an
accurate statement. But what has happened since
1951? I believe just a casual look at our progress wi l l
quickly answer the question.
Advances in genetics have brought about an
understanding of groundnut that has enabled breed-
ers to greatly increase the yield potential of cultivars;
to introduce disease, insect, and drought resistance
into adapted germplasm; and to develop early-
matur ing or short-cycle cultivars that extend the
crop into the short rainy-season semi-arid tropical
areas. Remarkable accomplishments have been made
in pest management, aflatoxin detection and con-
t ro l , understanding the symbiotic role of rhizobia,
unlocking uncertainties in mineral nutr i t ion such as
calcium absorption through the shell, physiological
processes, and accomplishments in postharvest hand-
l ing, storage, and uti l ization that have greatly ex-
panded the ut i l i ty of the groundnut.
As an example of what has happened to commer-
cial production based on research information that
has been disseminated through the extension system
to the farmer, let us take a quick look at what has
happened in the state of Georgia in the U.S. In 1947,
the estimated yields were about 780 kg ha -1 . In 1984,
a record yield of 3800 kg ha - 1 was obtained on an
area of over 250 000 ha.
The groundnut research community has grown to
where we have very capable groups in both the deve-
loped and developing countries. I C R I S A T was
established to provide an international focus on
S A T problems and has groundnut as a mandate
crop. The American Peanut Research and Educa-
t ion Society (APRES) was developed to foster
research and education on groundnut, and publishes
Peanut Science, a scientific journal devoted solely to
groundnut. One of the organizers of APRES, Dr . C.
R. Jackson, is present today in his posit ion of Direc-
tor for International Cooperation at I C R I S A T . A 
second edit ion of a comprehensive book on ground-
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nut, Peanut Science and Technology (Pattee and
Young 1982) was published recently by APRES.
I C R I S A T hosted an international workshop on
groundnuts in 1980 and published the proceedings
( I C R I S A T 1981). The Peanut CRSP in cooperation
wi th I C R I S A T wi l l soon initiate a research periodi-
cal for short, preliminary articles. Many other
examples could be cited on groundnut research and
information dissemination.
I am sure that many more research accomplishments
wi l l be cited dur ing this program to further show the
progress that has been made. Do you now agree wi th
me that we can rephrase the statement to The Pea-
nut: The Predictable Legume? I believe we wi l l al l
answer in the affirmative.
O r i g i n , S p r e a d , a n d Uses
Groundnut has spread f rom its origin in South
America to most tropical, subtropical, and warm
temperate zones of the wor ld . The spread can be
attributed to its adaptability to a wide range of soil
and climatic conditions, and to its value as a food
crop, an oi l source, and an animal feed.
The exact origin of groundnut is still unknown
and wi l l remain a subject of scientific inquiry.
Hammons (1982) summarized the present know-
ledge on the origin of groundnut. There is general
agreement that the center of diversity of Arachis is in
the Mato Grosso State of Brazil near the borders of
Paraguay and Bolivia. Most of the sections into
which the genus has been divided are found in this
area. The cultivated groundnut is thought to have
originated in southern Bolivia-northwestern Argen-
t ina in the eastern foothil ls of the Andes. An impor-
tant center of variabil ity for the hypogaea species
exists in this area.
There is no evidence for pre-Columbian spread of
Arachis hypogaea to the Old Wor ld . Spanish, Por-
tuguese, and Dutch explorers and traders appar-
ently transported the species to Afr ica, Spain, Por-
tugal, the Western Pacific, China, and India. In all
these lands, the groundnut readapted and became
specialized. It returned again f rom Afr ica to tropical
America and the United States, probably wi th the
slave trade and afterward. These areas of readapta-
t ion and specialization away f rom the center of
origin have been important sources of germplasm
for groundnut improvement programs.
Diverse uses of groundnut were observed in the
area of its or igin. In the foothil ls of the Andes, the
kernels were eaten at one of several stages f rom
immature to ripe, either raw or cooked. They were
boiled, roasted, crushed, or ground and mixed wi th
other food. The whole young pods were used in
soups after boil ing. Beer and a nonalcoholic dr ink
were made f rom groundnuts, and the oi l made into
soap.
Similar uses for groundnut have developed in the
areas around the wor ld where it has been intro-
duced. The major use worldwide is as a source of
cooking o i l . The oilcake is often used as an animal
feed. The oilcake is also used in various dishes, espe-
cially when the oi l is pressed out in small-scale home
or village processes. A number of high-protein and
milk-type products have been developed f rom ground-
nut. Whole-roasted groundnuts are a delicacy world-
wide. The major use in the United States and some
Western European countries is as a butter or spread.
Commercialization of groundnut has made it an
important cash crop in many countries. West A f r i -
can product ion developed because of the oi l market
in Br i ta in and France. Groundnut became the p r im-
ary source of foreign exchange in countries such as
Senegal. It is an important cash crop in eastern and
southern Afr ican countries such as Sudan and
Malawi . The product ion in India is used mainly for
oi l . Groundnut is an important crop in China, and
Southeast Asian countries such as Indonesia, Burma,
and Thai land. Most of the United States' crop is
converted into butter for domestic consumption, but
significant quantities are exported, pr imari ly to
Western Europe.
W o r l d P r o d u c t i o n a n d D i s t r i b u t i o n
Estimates of wor ld groundnut production vary f rom
year to year, but over the last 10 years harvested area
has averaged about 18 mi l l ion ha. Production esti-
mates generally averaged just under 18 mi l l ion t, or
an average of just under 1 t ha-1 ( U S D A 1975-84).
An examination of the distr ibut ion of wor ld pro-
duction shows that of the total production, Asia
produces about 58%, Afr ica 27%, Nor th America
10%, South America 5%, Australia 0.2%, and Europe
0 .1%. It is interesting to note that only about 5% of
the total wor ld production is in South America
where the groundnut originated. Leading producers
are India, China, the United States, Senegal, Sudan,
Brazil, and Argentina.
A very significant point about the distr ibut ion of
wor ld product ion emphasizes the importance of this
symposium. As pointed out by Gibbons (1980, p. 12),
approximately 67% of the product ion comes f rom
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the seasonally-dry, rainfed areas of the semi-arid
tropics. Furthermore, about 80% of the product ion
comes f rom the developing countries.
Groundnut is adapted and grown in many coun-
tries where serious food shortages exist, especially
the S A T region. I do not believe there is enough
awareness in many countries of the importance of
the high protein and calorie content of groundnut
for feeding a populat ion faced w i th food shortages
and starvation. A major objective of the Peanut
CRSP is to increase the food ut i l i ty of groundnut.
Const ra in ts t o P r o d u c t i o n i n the S A T
In keeping wi th the regional emphasis of this sympo-
sium I w i l l confine most of my remaining remarks to
problems and needs of the semi-arid tropics. Also, I 
w i l l use as my source of in format ion to support my
views on product ion constraints in the SAT the data
compiled dur ing the planning phase of the Peanut
CRSP. The informat ion is summarized in two pub-
lications: Peanut CRSP Planning Report (Cummins
and Jackson 1982a), and Wor ld Peanut Production,
Ut i l izat ion and Research (Cummins and Jackson
1982b). Data were collected f rom about 120 people
through personal interviews during 13 in-country
site visits; published informat ion (pr imari ly the pro-
ceedings of the International Workshop on Ground-
nuts (Gibbons 1981); and responses to a widely-
distr ibuted survey questionnaire. Such data can be
biased due to the interest and expertise of respond-
ents, but this sampling was distributed widely enough
to minimize these personal biases. W i th few excep-
tions the responses summarized were f rom people in
the S A T region or areas wi th distinct wet-dry sea-
sons wi th climates near to that defined as SAT.
Northeast Thai land would be an example of such an
area. The el iminat ion of these responses would have
l i t t le or no effect on the basic conclusions of the
major constraints to groundnut production in the
SAT.
The fo l lowing factors were most frequently cited
as constraints to production:
• Low yield potential of cultivars because of lack of
resistance to drought, diseases, and insects.
• Yield losses due to drought, diseases, and insects.
• Low yield due to cropping systems and cultural
practices that are not adequate to take advantage
of yield potential of cultivars.
• Tox ic i ty of groundnuts f rom aflatoxin which
endangers the health of humans and animals and
lowers market value.
• Groundnuts often are not regarded as a major
food source wi th high nutr i t ional value, but exist
in a restricted array of food preparations wi th
low sensory values.
• Low yields f rom lack of complete physiological
adaptation of groundnuts and associated micro-
organisms to the environment.
• Prices, markets, and farmer and consumer inter-
est l imi t production and uti l izat ion.
Obviously, all of these constraints are not specifi-
cally product ion constraints, but each one has a 
direct or indirect implication in production.
For example, drought is a specific product ion
constraint, while toxici ty f rom af latoxin contamina-
t ion decreases market value, thereby reducing the
farmer's incentive to produce groundnuts.
Also, what affects the groundnut acreage more
than expected market price fo l lowing harvest? The
first three factors were the most frequently cited
constraints.
To discuss these constraints in more detail, I wi l l
divide them into three major categories: environ-
mental, biological, and socioeconomic. I wi l l also
suggest research areas that should provide solutions
to these constraints.
E n v i r o n m e n t a l
• Yield losses due to drought, diseases, and insects.
- low rainfall compounded by high temperatures
- leaf spots
- rust
- rosette virus
- root, stem, and pod rots
- foliage insects
- root, stem, and pod insects
• Toxic i ty of groundnuts f rom aflatoxin endangers
the health of humans and animals and lowers
market value. This is categorized as an environ-
mental factor because of the ubiquitous nature of
the causal organism Aspergillus flavus and the
universal occurrence of the resulting tox in.
Biological
• Low yield potential of cultivars f rom lack of
resistance to or tolerance of drought, diseases,
and insects.
- lack of inherent resistance to drought
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- short-cycle cultivars not available for drought
escape
cultivars susceptible to diseases and insects
• Low yields due to cropping systems that are not
adequate to take advantage of yield potential of
cultivars.
- inadequate mineral nutr i t ion
- improper seeding dates and rates
- low soil pH
- competit ion f rom weeds
- incompatible intercrops
• Low yields f rom lack of complete physiological
adaptation of groundnuts and associated micro-
organisms to the environment.
- inadequate nitrogen f ixat ion due to unadapted
rhizobia, or rhizobia species incompatibi l i ty
- suboptimum leaf area and flower numbers
- low photosynthetic efficiency
inadequate root invasion by mycorrhizal fungi
Socioeconomic
The socioeconomic constraint is often elusive and
dif f icul t to deal w i th , but can easily be the determin-
ing factor in production. For example, a breeder
may release a new, high-yielding, drought-tolerant
cult ivar, but farmers may not grow it because of
some factor such as seed size or taste or the risk
factor of trying a new unproven cultivar.
• Groundnuts often are not regarded as a major
food source wi th high nutr i t ional value, but
rather as a restricted array of food preparations
with low sensory values.
• Postharvest handling and storage inadequate to
maintain high-quality products.
• Prices, markets, and farmer and consumer inter-
ests l imit production and uti l ization
- market prices too low for profitable production
- market prices too uncertain at seeding time to
provide production incentive
- input costs too high
- other crops more profitable
- too much labor required to produce and harv-
est crop
- lack of equipment makes product ion and
harvest diff icult and laborious
- farmers aspire to other occupations or migrate
away f rom farms
- farmers wi l l not risk new technology
- lack of confidence in crop after losses due to
disease or drought
- relative cost to consumer too high
- markets inadequate
- seed production and distribution systems lacking
• Insufficient number of properly trained research
and extension personnel.
F u t u r e W o r k
I could list more constraints facing groundnut pro-
duction in the SAT, but I believe I have emphasized
to this symposium that there are problems and chal-
lenges facing groundnut researchers. I believe we
wi l l meet these challenges with the same determina-
t ion that researchers met the 'Unpredictable Legume'
30-40 years ago.
We wi l l develop or accelerate research programs
to:
• Breed for drought-, disease-, and insect-resistant or
tolerant cultivars.
• Breed short-cycle cultivars to mature wi th in
limited rainy periods and escape drought.
• Develop efficient systems for low-cost disease
and insect control.
• Develop practices to minimize aflatoxin contam-
ination.
• Develop more efficient cultural systems and fer-
tilizer application practices.
• Improve nitrogen f ixat ion by rhizobia.
• Increase awareness of food value of groundnut
and develop food products acceptable to the
population.
• Develop markets, labor-saving equipment, and
improve overall production incentives to farmers.
• Train more and better research and extension
personnel.
I believe this symposium wi l l contribute to the
recognition of problems facing us, whether envir-
onmental, biological, or socioeconomic, and present
ways to solve them, and thus help to take better
advantage of the potential that groundnut has as a 
food and cash crop in the SAT.
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Agrometeorological Research in Developing
Strategies for I m p r o v e d F o o d Product ion
E . T . K a n e m a s u 1
Abstract
Agrometeorological research in food production systems deals with the quantification of crop 
plant responses to their environment. This is a complex biophysical and biochemical system, and 
requires multidisciplinary teams to adequately identify and prioritize the issues limiting food 
production. Agrometeorological knowledge can be used advantageously for increasing and 
stabilizing crop production in different environments. In the semi-arid tropics, a strategy of 
stabilizing yields rather than maximizing yields is preferred. What is the role of the agrometeorol-
ogist in developing new strategies for these stressful environments? Basic information about the 
climate, soils, and crops is required. It is not sufficient to have monthly averages of temperature 
and rainfall. The meteorological data must be carefully edited and evaluated in relation to the 
crop being grown and the soil in which it is being sown. Because water is a major limiting factor to 
production in the semi-arid tropics, the development of the crop in relation to rainfall events and 
potential evapotranspiration rates is a major consideration. This paper will examine strategies for 
food production in stressful environments. 
1. Laboratory Leader, Evapotranspiration Laboratory, Kansas State University, Manhattan, Kansas 66506, USA.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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I n t r o d u c t i o n
Smith (1920, p. 304) in his book, 'Agr icul tural
Meteorology', described agrometeorology as that
branch of science relating 'climate to vegetation and
farm operations'. Smith examined the weather and
the yield of potatoes in Ohio between 1883 and 1909.
He plotted the departure f rom normal of the yields,
June and July ra infa l l , and June and July tempera-
tures on the x-axis, and years on the y-axis. He then
visually compared the lines and concluded that in a 
general manner rainfal l and yield were positively
correlated, and temperature and yield were nega-
tively correlated. Whi le the sophistication of data
analysis has greatly increased, the same type of anal-
ysis and massaging is sti l l continuing today. In fact,
it is not uncommon to find similar figures in our
current professional journals.
Agrometeorological research seeks to develop
quantitat ive understanding f rom among the envi-
ronmental parameters and crop production over a 
wide range of climates. Thus, the types of problems
addressed are varied and include incidences of insect
pests and diseases, pol lut ion, drought, soil and water
conservation, hydrologic problems, episodic events,
risk analysis, and disaster relief. It is not diff icult to
see the kinds of complexities that are involved. We
are dealing w i th a complex biological and biophysi-
cal system where interrelationships and feedback
mechanisms are prevalent in a highly dynamic
nature.
An important part of an agrometeorologist's role
is data collection. An agrometeorologist is used to
dealing wi th large data bases; however, a thorough
fami l iar i ty w i th the data and those who collected the
data is required. It is important that there is consis-
tency wi th in data sets. Since the agrometeorologist
must relate the physical w i th biological systems,
both meteorological and biological data sets must be
crit ically edited and scrutinized.
One of the strategies for food production in a 
stressful environment is to reduce the risk. There-
fore, stabil i ty in yields rather than max imum yields
is sought. This may be done unknowingly by the
subsistence farmer in his traditional planting method.
For example in many droughty regions, stand estab-
lishment is a major problem. The farmer may plow
his seeds in to the soil as a means of planting, thus the
seeds are placed at different depths. Germination
and seedling survival are dependent upon the soil
moisture and the t iming of rains. Delayed germina-
t ion due to deep seed placement may be desirable in
a situation where rainfall is also delayed, because
early germinated plants w i l l die. The farmer can also
spread his risk by planting over a period of several
months.
Agrometeoro log is t 's R o l e
How can the agrometeorologist aid these types of
farmers? These droughty regions are usually charac-
terized by coarse-textured soils wi th low water-
holding capacity, susceptible to compaction, runoff,
and surface crusting. Some of the possibilities for
stabilizing crop yields under these conditions are:
• Surface organic mulching to reduce evaporation,
surface-soil temperature, and soil-surface crust-
ing, and to increase inf i l t rat ion. However, in
some situations, termites and/or farm animals
wi l l quickly eliminate the residue.
• Water harvesting is a possible alternative in many
areas. It is possible to conceive of a technique of
harvesting water f rom one microwatershed to
another. For example, planted and nonplanted
strips alternated on a gentle slope so the water
moves f rom the nonplanted strip to the lower
planted area is one technique. The soils are usu-
ally naturally self-sealing so water does not pene-
trate the nonplanted area. Care must be taken to
prevent serious soil erosion where there are heavy
rains. Weeds in the nonseeded area must also be
controlled.
• Planting the crop/cul t ivar at the best date is a 
major farmer decision. It is in this research area
that I wi l l address my remaining comments.
W a t e r A v a i l a b i l i t y a n d C r o p Cho ice
Dancette and Hal l (1979) reported an interesting
study where they computed the probabilities of
satisfying the water requirement of a 75-day mil let
crop compared to a 90-day millet. They showed an
increase in the region in which a short-season crop
could be successfully grown. There was about 8 cm
less water used by the short-season crop; thus, the 15
days averaged 5.3 mm per day. Dancette and Hall 's
(1979) analysis demonstrates matching water avail-
abi l i ty w i th crop development. Monte i th (1984)
il lustrated this concept w i th his coined 'water t ime'
and 'temperature t ime' diagram. He emphasized the
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need to match the length of growing season, which at
any location is principally driven by temperature,
w i th water availabil ity. This water availabil ity is a 
combination of within-season precipitation and water
stored in the profi le. The ontogeny of the crop can be
estimated f rom the calculation of thermal units.
Most tropical crops have a base temperature of
10°C, an opt imum of 33° C, and a maximum of
about 45° C. Cult ivars can have a range of base
temperatures as well as a range of thermal units
required for development of the various morpholog-
ical events (e.g., phyllochron interval, anthesis, grain
f i l l ing, etc.). In addi t ion, it appears that w i th a fair ly
narrow genetic pool (e.g., a populat ion) there can be
a range of thermal units. A consequence of this is
that the crop canopy wi l l be composed of plants
developing at different rates. In addit ion, some cult i -
vars are photosensitive, therefore, their develop-
ment wi l l be dependent upon photoperiod.
Stewart and Burnett (1985) suggest a similar
approach. They plotted the weekly rainfall amounts
that were exceeded 50% of the t ime, and the weekly
thermal units. Superimposed on these patterns were
the temperature-driven developmental stages of sor-
ghum. They attempted to adjust the plant ing date of
sorghum to match the peaks in rainfal l w i th the
crit ical stages of sorghum. It is important that rain-
fal l dependability instead of mean rainfal l values be
considered. In some unpublished preliminary analy-
sis V i rmani (at Kansas State University on sabbati-
cal leave f rom I C R I S A T ) has computed the weekly
probabilit ies of receiving one-third of the potential
evapot ransp i ra t ion (Penman) as p rec ip i ta t ion
(R/PE=0.33) for Botswana (37 stations) and Niger
(86 stations). The data set consisted of 6-35 years of
data for Botswana and 6-63 years for Niger (Figs. 1 
and 2). According to the Hargreaves' (1982) classifi-
cation of R/PE=0.33, the growing season in Bots-
wana (typically, October to Apr i l ) is characterized
by low probabil i ty of sufficient rainfall to grow a 
crop. Because of this low probabi l i ty, the Botswana
farmer is faced wi th mult iple planting dates to
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Figure 1. Weekly probabilit ies of receiving precipitation amounts greater than 3 3 % of the potential evapo-
transpiration at Gaborone, Botswana.
spread his risk. If the farmer plants in November,
there is a risk of a drought at anthesis (Fig. 3);
therefore, it may be desirable to delay planting unt i l
December. The Niamey data (Fig. 4) illustrates the
risk involved in planting sorghum because its longer
season than mil let exposes the crop to drought dur-
ing grain f i l l ing.
G e n o t y p e Select ion
Varieties can be selected on a basis other than matur-
i ty. Finley and Wi lk inson (1963) outlined a tech-
nique of comparing genotypes across environments.
Some varieties do well in good environments and
very poor ly in adverse environments. Other varieties
are relatively stable across environments. At the
Evapotranspiration Laboratory of Kansas State
University, we have developed a technique for select-
ing drought-resistant genotypes on the basis of can-
opy temperature and vapor pressure deficit. Whi le
we are aware that several environmental factors
affect leaf temperature, canopy temperature com-
parisons can be made across genotypes when made
wi th certain precautions. The infrared thermometer
permits a rapid method of obtaining surface temper-
atures. The measurements should be made in a 
manner to assure leaf temperatures and not soil
temperatures; therefore, an oblique view of the can-
opy is usually required. The radiation environment
should be relatively constant over the time period of
the measurements. We hypothesize that a drought-
resistant genotype would be characterized by warm
canopy temperatures under well-watered conditions
and wi th relatively high stomatal sensitivity to rela-
tive humidity.
Results f rom over 200 sorghum lines indicate that
the above hypothesis related well to those genotypes
that performed well in a very dry environment at
Yuma, Ar izona, in a 2-year study. The above tech-
nique provides selection of genotypes that have low
transpiration rates and consequently, low photosyn-
thetic rates. This is usually translated into low yield.
If that yield, even though low, can be made stable
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Figure 2. Week ly probabilit ies of receiving precipitation amounts greater than 3 3 % of the potential evapo-
transpiration at N iamey , Niger.
70%
over very good to very poor environments, then that
genotype has a place in a technological package.
This is only one strategy for product ion in semi-arid
environments. The above technique can also be used
to select 'cool ' genotypes that are rapidly transpiring
and photosynthesizing. If the environment is such
that a strategy of a short-season genotype is pre-
ferred, then an early-maturing, cool-canopy-tempera-
ture genotype may be the most desirable.
C r o p M o d e l i n g a n d R e m o t e Sensing
The use of models to assess risk and to evaluate
management and cropping strategies has been an
active research area. Evapotranspiration (ET) mod-
els have been developed to the extent that we feel
relatively comfortable wi th them, but some ques-
tions sti l l remain. While there may be technical ques-
tions about advection, topography, rootzone depth,
etc., there is a major concern about rainfall (quantity
and intensity) and runoff. The measurement of rain
is a point measurement, and the true nature of its
spatial variabil i ty is dif f icult to obtain. Thus, any
model using average meteorological data for pre-
dicting ET and soil moisture wi l l be diff icult to use
for extrapolation either regionally or even to a 
neighboring farm. This can be especially true in
semi-arid regions of Afr ica. The point is that a major
component of the water balance is assumed to be an
accurate representative quantity, and there is l i tt le
regard for its highly spatial nature.
Because transpiration and photosynthesis are
inextricably connected, evapotranspiration and yield
have been correlated wi th reasonable success. To
avoid or minimize the nonuniqueness between years
and locations, researchers have normalized the rela-
tionships to obtain:
(1-Ya/Ym) = Ky (1-ETa/ETm) (Equation 1)
where
Ya = actual yield
Ym = maximum yield
Ky = yield-response factor
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Figure 3. Weekly trends in precipitation and thermal units (10° C base temperature) at Gaborone, Botswana.
Growing seasons for sorghum are il lustrated.
ETa = actual evapotranspiration
ETm = maximum evapotranspiration
The actual and potential values are equal when the
water requirements are ful ly met. Doorenbos and
Kassam (1979) provide Ky values for a number of
different crops. Because crops have sensitive growth
periods, they have listed values of Ky for the total
season and also for various growth stages. Clearly
f rom the above equation, one can see that the
decrease in yield is proport ional to the decrease in
ET. However, to obtain the actual yield, one must
estimate the potential yield. While procedures have
been suggested for estimating Y m , it is obviously not
a straightforward procedure.
The estimation of actual ET requires the know-
ledge of leaf area index ( L A I ) . This is necessary in
order to estimate evaporation f rom the soil surface
and transpiration f rom the plant surfaces separately.
These processes are different physically and physio-
logically, therefore they cannot be estimated together.
Evaporation can be a major component of ET in the
semi-arid regions where plant stands can be low.
Thus the management of the soil surface can play a 
major role in evaporation and inf i l t rat ion, crusting,
and soil erosion. In addit ion, it should be recognized
that the heated soil surface between plants becomes
a source of sensible heat and increases the transpira-
t ional demand. This is usually more prevalent in
coarse-textured soil. Because of lower thermal con-
ductivity surface temperatures can elevate substan-
tially under high insolation conditions.
Most ET models use crop cover or L A I as a means
of separating evaporation and tranpirat ion. The
model wi l l use L A I as a measured input or wi l l have
a submodel for the growth of leaves. The simulation
for leaf growth and senescence is extremely diff icult
even under the best growing conditions. Thus, some
researchers have examined the possibility of using
remotely-sensed satellite data for estimating L A I ;
however, problems have been encountered in obtain-
ing adequate satellite coverage wi th Landsat (over-
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Figure 4. Weekly trends in precipitation and thermal units (10° C base temperature) at N iamey , Niger.
Growing seasons for sorghum and millet are illustrated.
pass every 18 d). The Nat ional Oceanographic and
Atmospheric Administrat ion Advanced Very High
Resolution Radiometer ( N O A A A V H R R ) daily
data are of a coarse resolution (1 km x 1 km at the
subsatellite point) and therefore undesirable for
many applications. However, a thorough evaluation
of A V H R R data to determine its usefulness in
assessing L A I is in order. It must be recognized that
soil reflectance, plant geometry, viewing geometry,
and solar angle effect the A V H R R scene. In addi-
t ion, the vegetation wi th in the pixel is usually not
uni form.
Researchers have also found that spectral indices
obtained f rom multispectral radiometer data were
linearly correlated wi th the interception of light by
the canopy. Thus, using the relationship between
light interception and yield (Monte i th 1977) to
obtain potential yield and an ET model with remotely-
sensed input of L A I , one can use equation (1) to
predict yield.
I do not want to leave the impression that models
are an end result. They are only tools and stil l very
limited by our inabi l i ty to ful ly understand the bio-
logical system. Thus, the challenges to agrometeor-
ologists are many and only l imited by our vision and
imagination.
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Opening Session
Discussion
A. Ndiaye:
The representative of I N R A N mentioned the case of
leaf spot attack in Niger in 1975 which significantly
reduced the production. I do not know the progress
in research at I N R A N on leaf spot, but in Senegal we
have developed a variety (69-101) that is resistant to
leaf spots. Seed of this variety can be made available
through Institut Senegalais de Recherche Agricole
( ISRA) . Unfortunately this variety is late maturing
'110-115 days' in Senegal.
A. Tekete:
Under experimental conditions mycorrhizal infec-
t ion is known to be a yield-increasing factor, particu-
larly under low-fert i l i ty conditions. Has quantifica-
t ion of mycorrhizal influence been carried out on
groundnut under practical conditions?
D. G. Cummins:
The Peanut CRSP has a project led by Mrs. Ruth A.
Taber of Texas A & M University in cooperation
wi th research groups in Thailand and the Phil ip-
pines related to micorrhizal fungi invasion into
groundnut roots and the subsequent influence on
plant growth. A number of species of mycorrhizal
fungi have been collected, isolated, and spores mul -
tiplied on a trap crop. Preliminary results on ground-
nut growth fol lowing inoculation wi th these spores
have shown an increased growth due to mycorrhizal
infection of the groundnut roots. In effect, the
mycorrhizal fungi hyphae increase root surface area,
allowing increased nutrient (phosphorus) and water
uptake into the groundnut plant. A major problem
to overcome for this to become practical in ground-
nut product ion, in a way similar to inoculation wi th
rhizobia for nitrogen f ixat ion, is in the process of
spore mult ipl icat ion and inoculation of groundnut
roots in a f ield.
R. W. Gibbons:
I would like to add to the comments made by Dr .
Cummins on the role of mycorrhiza in groundnut
product ion. This area is underresearched. We are
doing some work on it at I C R I S A T and work has
also been done by Institut Francais de Recherche
Scientifique pour le Developpment en Cooperation
(ORSTOM) in Senegal where they demonstrated
not only the useful interactions of mycorrhiza and
rhizobia but also the effect of these organisms on
root growth and attack by nematodes.
D. Smith:
Dr. Ruth Taber made a discovery that is quite inter-
esting and has potential significance. She found that
mycorrhiza can occupy weed seeds in the soil. The
potential significance is that perhaps this could be a 
way eventually to distribute mycorrhiza in the soil.
This has not been exploited but the potential is there.
S. M. Virmani:
I was pleased to see Dr . Cummins emphasize
drought and diseases of groundnut as major yield-
reducing factors in the SAT. Our survey of the major
problems affecting groundnut production in the
sub-Saharan countries showed drought, instability
of the onset of rainfal l at planting t ime, and diseases
as the major yield-reducing factors.
D. Rijks:
Dr. Kanemasu talks about the relationship between
the actual yield and evapotranspiration, and a for-
mula in which he says because crops are sensitive at
various stages, the crop coefficients vary wi th season
and at various growth stages. That clearly is an area
where application techniques could make a contr i -
but ion to agricultural planning. To solve the for-
mula for the whole season should not be diff icult. It
wi l l be interesting to estimate yields a litt le before the
end of the season. Could you please give an idea
about how this technique can be used if we use the
yield-response factors for the various stages of
growth?
E. T. Kanemasu:
The figures that I showed were taken out of the F A O
publication describing the crop-coefficient values
that could be used for different stages of growth.
Your suggestion as to prediction of yield before the
end of the season is somewhat diff icult to achieve.
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People have tried using a truncated part of the for-
mula; others put in speculated weather data for the
rest of the season. Neither have met wi th a great deal
of success. You come out wi th an average yield in
any case, but what one would like to do is to predict
the weather ahead of time and that is a problem.
D. Rijks:
To me the problem of using this formula is not the
weather data. I th ink you can fol low the ratio of
E T a / E T m throughout the season fair ly easily. It has
been done wi th reasonable success in various instan-
ces. It would seem to me that the real problem is to
get the Ym values for various stages of growth. We
need to f ind solutions to this.
E. T. Kanemasu:
If you would l ike to use this data more for the forage
crops, and therefore rely upon the dry matter, one
could use the amount of intercepted l ight to predict
what the potential yield could be. That is the method
I would use, but there is some danger in trying to
extrapolate the weather. You could say the weather
is somewhat predictable, but there is stil l a problem.
N. R. Yao:
a. Thermal units were used to describe both germi-
nat ion and shoot development in sorghum. Is there
any significant difference in using hourly tempera-
ture data or daily maximum and min imum tempera-
tures for the computation of those thermal units?
b. You reported that resistant crops have higher
canopy temperatures and this is associated wi th
lower evapotranspiration. Is this high temperature
associated wi th stomatal closure and/or canopy
structure, or wi th the genetic behavior of the crop?
E. T. Kanemasu:
a. The data shown were f rom a thermal gradient
plate in which the temperature at any given point
was held constant. In an environment in which the
temperature is changing it would be more approp-
riate to use hourly temperature data; however, for
more practical studies the daily maximum and min-
imum temperatures give satisfactory results.
b. The higher canopy temperatures appear to be a 
result of higher leaf-stomatal resistance, however,
canopy structure certainly enters through the bound-
ary-layer resistance, and therefore is included in the
overall canopy resistance.
We found that the canopy temperatures for sorghum
were greater than those for mil let, which would indi-
cate that sorghum was transpir ing at a lower rate
than millet. If one looked at the seasonal data,
sorghum had a higher water use than the millet. In
looking at the stomatal resistance, water use, and
other water-relations measurements for the two
crops, we concluded that the water use for millet was
lower than that for sorghum because of the shorter
growth cycle.
J. H. Williams:
The screening based on canopy-air temperature d i f -
ferential identifies lines wi th water-conservation
mechanisms. How often does this confer an advan-
tage and how often does it work the other way by
causing plant stress?
E. T. Kanemasu:
This screening is applicable to situations of water
exploitat ion when the crop is thr iv ing on stored soil
water. There may be other screening techniques
where the situation is different.
A. Ndiaye:
a. In addit ion to the elements you have brought up in
comparing sorghum and millet resistance to drought,
there is also a difference in the cell structure (proto-
plasmic resistance) that makes millet more tolerant
to drought than sorghum.
b. I would like to comment on the basic principle in
using infrared thermometer to determine plant to l -
erance to drought and plant temperature. A plant
containing more water has better temperature regu-
lation displaying thereby lower temperatures than a 
plant wi th less water content. An infrared ther-
mometer (or infrared fi lms) is then used to evaluate
plant temperatures in relation to the quantity of
water in the plant and thus plant tolerance to
drought.
C. K. Ong:
I would l ike to produce a more simplistic view of the
relationship between stomatal conductance, leaf
temperature, and the balance of water between
supply and demand. Recent work at I C R I S A T Cen-
ter shows that stomatal conductance has a universal
relationship wi th relative leaf-water content. And I 
would like to take up the remarks of Dr . Kanemasu
that there are genetic differences in stomatal behav-
ior. I think we are not looking at stomatal behavior
but the response of the plant to the relative water
content of leaves. This is a very simplistic view of
how stomata, water content, and the atmosphere
respond to changes in both supply and demand for
water.
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Abstract
Groundnut (Arach is hypogaea L.) is grown in many diverse agroenvironments. It is cultivated in
some 90 countries around the world. In semi-arid tropical (SAT) areas it is an important cash 
crop in subsistence farming systems, as well as an important food source. The total output of 
groundnuts in SAT countries is about one-half of the total world production. 
Within the SAT, India has the largest groundnut production area. It produces 52% of the 
combined output of all the SAT countries. Other SAT countries producing significant amounts 
of groundnut are Senegal, Nigeria, Sudan (each producing between 5-7.5% of combined SAT 
production); Zaire, Brazil, Burma, Argentina (2.6-5%); and Thailand, Malawi, Zimbabwe, 
Cameroon, Central African Republic, Chad, Mali, and Gambia (1-2.5%). 
Groundnuts are grown primarily in rainfed dryland conditions. In India, the crop is cultivated 
in soils ranging from coastal sands to Vertic Inceptisols. In the African subcontinent it is grown 
on Alfisols and Oxisols. Groundnut soils have generally low ( 100 mm) to medium ( 200 mm) 
available-water holding capacity (AWC) in the root profile. 
In the Indian groundnut-growing areas the annual rainfall varies from about 400-1500 mm, 
usually received between 2-4 rainy m o n t h s . the crop is grown from 8-32° N latitudes. In northern 
India, where the rainfall is unimodal, groundnuts are grown during the rainy season from June to 
September. In south India, below 10°N, the rainfall tends to be bimodal and temperatures are 
suitable for groundnut cultivation almost the whole year; two crops are raised. The first crop is 
grown from July to September/October (first rainy season) with another crop in O c t o b e r / N o -
vember to January/February during the second rainy season with some supplemental irrigation. 
In the Sahelian West Africa, the groundnut crop is cultivated in a narrow belt between 10-15° N 
latitude. It is sown in July and harvested in October. The total seasonal rainfall varies between 300 
and 1200 mm. The main rainy season lasts 2-3 months beginning in late June. 
The groundnut-growing areas in the SAT have short (75-110 d) growing seasons and are 
characterized by intermittent drought periods. We have examined the probability estimates of 
moisture adequacy for a few selected locations in relation to crop-water needs. This study showed 
that the amount of soil moisture in the surf ace soil is fairly restricted at the time of seed formation 
and maturity, thus leading to pod development and harvesting problems. Our data also showed 
that groundnut yields are likely to be significantly reduced once in every 3 years due to failure of 
seasonal rainfall in the S A T .
1. Principal Agroclimatologist and Soil Scientist, Resource Management Program, ICRISAT, Patancheru, A.P. 502 324, India.
ICR1SAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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I n t r o d u c t i o n
Groundnut (Arachis hypogaea L.) is a widely grown
crop. It is cultivated in some 90 countries around the
wor ld . I t requires tropical, subtropical, or warm
temperate climates for opt imum production. The
approximate l imits of its current commercial pro-
duction lie between 40°N and 40°S (Fig.1). Accord-
ing to F A O (1982) 18.8 mi l l ion ha were sown, and 19
mi l l ion t of groundnuts in shell were harvested in
1980-82. The average yield was a l i tt le over 11 ha -1.
Groundnuts are produced predominantly in devel-
oping countries. About 90% of total world produc-
t ion comes f rom this region. Ind ia and China pro-
duce about one-half of wor ld production. The
United States of America is also a major producer.
In the developing wor ld SAT countries account for
over 60% of production (11 mi l l ion t f rom 14 mi l l ion
ha).
Groundnut yields average 805 kg ha -1 , but vary
widely in the SAT countries. In Brazil , yields exceed
1450 kg ha -1 . In Nigeria, Burma, Sudan, India, and
Ma l i , the yields vary between 800-1000 kg ha-1
( F A O , 1982). In Malawi , Senegal, and Zaire yields
range between 673-716 kg ha -1. Wi th the sole excep-
t ion of Brazi l , in all other SAT countries the per
hectare yield is lower than the wor ld average (Fig.2
and F A O 1982).
The groundnut crop is an important component
of the mixed cropping patterns of the small farms of
the dry tropics. It is a cash crop. It is a legume.
Farmers depend on the extra cash it produces to
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purchase inputs for cereals in the cropping systems.
Groundnut not only produces oi l for human food,
but it also fuels the change of tradit ional low-input
farms to modern agriculture. High and stable ground-
nut product ion is an essential element for the intro-
duction of efficient farming systems in the SAT.
In many of the groundnut-producing countries
the crop is consumed locally. India, the world's larg-
est producer, is also one of the largest importers of
vegetable oils. The countries of sub-Sahelian West
Afr ica have been tradit ional exporters of ground-
nuts, but product ion there has declined recently.
There is thus an urgent need to increase the produc-
t iv i ty of the groundnut crop for sustained growth of
semi-arid agriculture.
In this paper we wi l l present:
• the ecological features of some impor tan t
groundnut-producing areas of the SAT;
• agroclimatic analyses of some selected locations
for identifying the soil and climatic constraints
for increased groundnut production in different
regions; and finally
• the analysis of rainfal l environment for quantify-
ing changes that have occurred in the groundnut-
growing areas of sub-Sahelian West Afr ica in
recent years.
Ecologica l Features o f P r i n c i p a l
G r o u n d n u t - G r o w i n g Areas
o f the S A T
South America
The SAT groundnut-growing area in this continent
is in Brazil between 19° and 23° 5'S, wi th the major
producing area between 20° and 23° 5'S. The total
annual rainfal l in this region varies f rom 1000-1400
mm. The crop is grown on Ustic-Ultisols (Ustults)
that are dry for more than 90 d a-1. The relative
humidity of the area averages 73% for the year, but is
higher dur ing the groundnut cropping season. The
main rainy season lasts 5 months—from November
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Figure 2. Groundnut yield in selected S A T countries. (Source: F A O 1982).
to March , but significant amounts of rainfal l may be
received in October and Apr i l . Less than 20% of the
annual rainfal l is received dur ing the dry period
f rom May to August. Tota l number of sunshine
hours in the groundnut-growing area vary f rom
2200-2700 h a-1. Dur ing the crop growing season the
durat ion of sunlight hours is around 6 h d -1. Annual
potential evapotranspiration of the groundnut-grow-
ing areas of Brazil averages around 2000 mm. The
annual rainfal l meets about 50-60% of the annual
climatic water demand ( W M O 1971). Dur ing the
rainy season, however, the rainfal l more or less
equals the potential evapotranspiration (PE) demand
(1250 mm). Mean annual temperature is 24° C.
West Africa
In the West Afr ican region between 5-15° N, there is
an extensive area in Senegal, Gambia, Ma l i , Burkina
Faso, Niger, and Nigeria where groundnuts are
grown. Senegal cultivated over 1 mi l l ion ha of
groundnuts in 1982 (FAO 1982). Other major ground-
nut-growing areas are in northwestern Ma l i , south-
eastern Burkina Faso, southern Niger, and northern
Nigeria (F ig . l ) . The crop is sown in this region in
June or July and harvested in September-October.
The growing period lasts about 2-4.5 mo. The
annual rainfal l in the region ranges between 600 and
1000 mm, with an evapotranspiration rate (ET) of
about 1700 mm a-1. The ET for the growing season is
about 550 mm. The average annual temperature is
about 25° C, but it is generally about 30° C during the
groundnut-growing season. The relative humidity
during this period averages 80% ( W M O 1971). In
Sahelian West Afr ica groundnuts are grown primar-
ily in sandy Alfisols and Oxisols.
Central and Southern Africa
The groundnut-growing countries in Central Afr ica
are Central Afr ican Republic, Chad, Sudan, Uganda,
and Zaire. In southern Afr ica groundnuts are grown
in Malawi , Mozambique, and Zimbabwe. Some
other countries have small areas under the crop
(F ig . l ) . In Ma lawi the crop forms a significant part
of the national agricultural production. It is cult i -
vated on Ustic Oxisols and Alfisols (Ustoxs and
Ustalfs) and some Udic Ultisols. The rainfall varies
f rom 500-1500 mm. In Central Afr ica groundnuts
are grown f rom June to September, while in South-
ern Afr ica these are sown in November/December
and harvested in March. In Malawi the annual aver-
age temperature of the groundnut-growing areas is
about 16°C. Total number of sunshine hours annu-
ally in the Malawian groundnut-growing areas is
about 2550 ( W M O 1971).
India and Southeast Asia
Over 7 mi l l ion ha of groundnuts are cultivated
annually in India. The total production is about 6 
mi l l ion t. Burma and Indonesia are also significant
producers in the SAT (FAO 1982).
In India, groundnuts are cultivated on Ustic
Alfisols, Oxisols, and Usterts (the dry Vertic soils),
f rom 7-30° N. The major groundnut-producing areas
are located in western India. The crop is raised pr im-
arily under rainfed dryland conditions. In northern
India (20° N) groundnuts are sown wi th the onset of
the rainy season in late June or July and harvested in
October. In the eastern coast of southern India,
where the rainfall is bimodal, two crops are raised
per year. The second crop is raised wi th some sup-
plemental irr igation. The first cropping season is
f rom June to September or October, and the second
f rom October/November through February. The
average temperature during the growing season is
27° C, wi th total sunshine hours per annum in the
groundnut-growing areas varying between 2381 and
2900 f rom south to north. The relative humidity
during the cropping season is generally around 70%,
wi th annual rainfall f rom 500-1500 mm ( W M O
1971).
A g r o c l i m a t i c Analysis o f some
Selected Locat ions
It is apparent f rom the ecological data that ground-
nuts are cultivated over a variety of soils and agro-
climatic environments within the SAT. However,
some generalizations can be made:
• in the groundnut region the rainfall is seasonal;
• the evapotranspiration rates are high;
• the rainfall is variable f rom year to year;
• the soils are mostly sandy and do not have ade-
quate moisture-holding capacity; and therefore,
• the key factor affecting groundnut growth and
yield is the characteristic and length of the mois-
ture environment during the crop-growing season.
At I C R I S A T Center we have collected extensive
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Table 1. Locations selected for detailed agroclimatic analysis.
Region
South America
West Afr ica
Southern Afr ica
South and Southeast Asia
Country
Brazil
Senegal
Nigeria
Malawi
India
Location
Campo Grande
Dakar (Yoff)
Kano
Lilongwe
Ahmedabad
Madras
Geocoordinates
20° 28'S
14° 44'N
12° 03'N
13° 58'S
23° 04'N
13° 00'N
54° 40'W
17° 30'W
08° 32'E
33° 42'E
72° 38'E
80° 11'E 
climatological data sets for several groundnut-grow-
ing countries. For example, we have rainfall data for
over 100 locations of Brazil extending back 30 years
or more. Month ly values of potential evapotranspi-
rat ion have been calculated for these locations. For
West and Southern Afr ica, we have access to meteo-
rological data for over 200 locations. In the case of
India, we have a l ibrary of climatic data sets includ-
ing daily rainfal l , temperature, and open-pan evapo-
ration for about 70 locations. For some locations in
India, West and Southern Afr ica, we have also col-
lected extensive micrometeorological data for some
representative groundnut-based cropping systems.
We used the clustering procedure available in the
statistical analysis system (SAS) package at Kansas
State University, USA, to select a few representative
locations f rom each of the major groundnut-growing
regions for detailed analysis. We used the monthly
and annual ra infa l l , moisture-availabil i ty index
( M A I ) , and annual temperature as variables for
clustering different locations. Our aim was to select
one or two locations f rom each of the major
groundnut-growing regions of the SAT which would
represent about 80% of the sites within a given
region wi th a unit ± standard deviation for the
selected agroclimatic characteristics. By fol lowing
these procedures, we identified locations for which
we had at least 30 years of data (Table 1).
The moisture environment for these locations has
been assessed by calculating the M A I at different
probabil i ty levels. The amount of expected rainfall
has been calculated using an incomplete gamma sta-
tistical procedure ( W M O 1971). The potential eva-
potranspiration was calculated fol lowing modified
Penman's procedure (Rao et al. 1971). Values of
M A I less than 0.33 reflect a moisture environment
insufficient for active plant growth, while values
between 0.34-0.99 show adequate rainfall to meet
plant-water needs. Values of M A I above 1.00 show
that water is present in excessive amounts (after
Hargreaves 1971). The values of M A I and the length
of the growing season obtained at different probabil-
ity levels for each of the locations studied are shown
in Table 2. A brief description for the different loca-
tions follows.
Table 2. Moisture-availabil i ty index ( M A I ) and growing-season length of some selected groundnut-growing locations in the
SAT,
Brazil: Campo Grande
20° 28'S 54° 40'W
Annual rainfal l : 1437 mm
Probabil i ty
(%) Oct
80 0.29
Mean 0.69
40 0.85
Nov
0.24
0.54
0.58
Moisture-availabil ity index
Dec
0.58
0.99
1.09
Jan
0.69
1.19
1.36
Feb
0.58
0.97
1.15
Soil: Ustult AWC' 175 mm
Data: 1931-60
Mar
0.50
0.61
0.77
Growing season
(days)
135
200
+200
Continued.
40
Table 2. Continued 
Senegal: Dakar (Yoff)
14° 44`N 17° 30'W
Annual rainfall: 578 mm
Probability
(%)
80
Mean
40
Soi l :Ustal f A W C 75 mm
Data: 1931-60
Moisture-availability index
Jul
0.21
0.54
0.55
Nigeria: Kano
12° 03'N 08° 32'E
Annual rainfall: 872 mm
Probabil i ty
(%)
80
Mean
40
Jun
0.55
0.66
0.70
Malawi: Lilongwe
13° 58'S 33° 42 'E
Annual rainfall: 849 mm
Probabil i ty
(%) Nov
80
Mean
40
0.13
0.39
0.45
Dec
0.44
0.76
0.85
India: Ahmedabad
24° 04'N 72° 38'E
Annual rainfall: 804 mm
Probability
(%)
80
Mean
40
Jun
0.10
0.43
0.46
Jul
1.03
2.41
2.46
India: Madras
13°00'N 80° l l ' E
Annual rainfall: 1233 mm
Probabil i ty
(%) Jun
80
Mean
40
0.12
0.28
0.29
Aug Sep
0.95 0.80
1.76 1.14
1.90 1.15
Moisture-availability index
Jul Aug
1.11 3.05
1.46 2.53
1.52 2.60
Moisture-availability index
Jan Feb
0.84 0.79
1.26 1.37
1.28 1.62
Moisture-availability index
Aug Sep
0.74 0.18
1.78 1.12
1.82 1.22
Oct
0.06
0.33
0.37
Growing season
(days)
70
135
+ 142
Soil: Ustalf A W C 75 mm
Data: 1931-60
Sep
0.60
1.02
1.03
Growing season
(days)
140
154
161
Soil: Ustox A W C 75 mm
Data: 1931-60
Mar
0.39
0.77
0.85
Growing season
(days)
120
160
+160
Soil: Ustert A W C 150 mm
Data: 1931-60
Oct
0.00
0.01
0.01
Growing season
(days)
50
135
+135
Soil: Ulstalf A W C 50 mm
Data: 1931-60
Moisture-availability index
Jul
0.27
0.52
0.54
Aug Sep Oct
0.44 0.47 1.10
0.80 0.89 2.12
0.90 0.95 2.03
Nov
1.28
2.85
3.17
Dec
0.18
1.18
1.50
Growing season
(days)
120
180
+187
1. AWC = Available-water holding capacity of root profile.
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Brazi l : Campo Grande
The M A I values exceed the lower threshold value of
0.33 in al l the rainy months at the various probabil-
i ty levels studied except October and November at
80% probabil i ty. The data for the length of the grow-
ing season show that it is at least 135 d in 8 out of 10
years. In 2 years out of 10, the rains wi l l be insuffi-
cient at sowing time. Sowing may be delayed to late
November in such cases. In this groundnut-growing
area, soil fert i l i ty and its physical l imitations are
likely to be more important constraints to increased
groundnut production compared to the soil-moisture
adequacy for crop growth.
Senegal: D a k a r (Yof f )
The M A I values (Table 2) at the 80% probabil i ty
level are below the lower threshold of 0.33 for July
and October. This means that in 1 out of every 5 
years the growing season is l ikely to be restricted to
about 70 d; it would be in the order of 135 d or more
for many of the years (6 out of 10). Since the soils
have low available-water holding capacity (75 mm)
in the root prof i le, and the rainfal l is low (578 mm),
soil-moisture conservation would be an important
component of improved groundnut-management
systems in this West Afr ican region.
Nigeria: Kano
The rainfal l at this location is 872 mm. Most of the
precipitation occurs in the 4 months f rom June to
September. At the 80% probabil i ty level (Table 2)
the M A I values exceed the lower threshold values of
0.33 for each of the rainy months, thus ensuring a 
growing season of at least 140 d in most years (8 out
of 10). The groundnut crop is raised on Alfisols in
this region. This soil has about 100 mm A W C .
Improved management of soil fert i l i ty and adequate
water-conservation techniques would be important
technology elements to increase groundnut produc-
t ion in this region.
800
600
400
200
0
1945 1950 1955 1960 1965 1970 1975
Year
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513
717
Figure 3 . Annua l rainfal l t rend at D a k a r ( Y o f I ) , Senegal.
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M a l a w i : Lilongwe
In this Southern Afr ican country, the rainfall is
fair ly dependable except that sowing may be delayed
due to low rainfal l in the month of November in 1 
out of every 5 years. The growing season exceeds 120
d in 8 out of every 10 years (Table 2). On average, it is
160 d. The soils on which groundnuts are grown
have 75 mm A W C . Management of soil chemical
properties would be important to increase ground-
nut production in this area.
India: Ahmedabad
In this nor th Indian groundnut-growing location,
the crop is grown during the southwest monsoon.
Average length of the growing season is 135 d. In 2 
out of every 10 years, the growing season is l ikely to
be highly restricted (to less than 50 d). October has
very low M A I values (Table 2). Since the crop is
grown on Vertic soils in this region, harvesting
groundnut may present serious problems in most
years. Water conservation would be an important
aspect of improved dryland groundnut production
in this area.
Ind ia : Madras
This southern Indian coastal location receives rain-
fa l l f rom both the southwest and northeast mon-
soons. Two growing seasons are utilized for raising
groundnuts—the first f rom June to October and the
second f rom October to January or February. How-
ever, two groundnut crops are rarely grown sequen-
t ial ly on the same dryland f ie ld. The data on M A I
(Table 2) show that a 120-day crop could be raised in
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Figure 4. Five-year moving average of annual rainfal l at D a k a r ( Y o f f ) , Senegal ( 1 4 °4 4 ' N , 1 7 °3 8 ' W ) ,
1947-1975.
S.D. = 108
417
525
634
8 years out of 10 in this area. The average growing
season there is 180 d. Groundnuts are raised on
Alf isols and Oxisols in this region. These soils have
low A W C ( 50 mm). Soil and water management
would be an important component of the improved
groundnut-management systems in this region.
Changes i n R a i n f a l l E n v i r o n m e n t i n
G r o u n d n u t - G r o w i n g A r e a s o f
S u b - S a h e l i a n West A f r i c a
The West Afr ican sub-Sahelian zone is character-
ized by high evapotranspiration rates, low to medium
seasonal rainfal l , and sandy soils. The average rain-
fal l barely meets the climatic water demand repre-
sented by high potential evapotranspiration rates.
Any negative change in the amount of rainfal l in this
region could have serious consequences for increased
and stable crop product ion. In order to quantify any
changes in the rainfal l of this region, we studied the
precipitation records for 1947-1975 for Dakar (Yoff),
Senegal. A plot of annual rainfal l (Fig. 3) shows that
precipitation has been highly variable f rom year to
year over the past 30 years. The number of years of
below-average rainfal l has increased somewhat in
the 1960-75 period. This observation is further con-
firmed by the 5-year moving-average data shown in
Figure 4. In order to evaluate the agricultural signif-
icance of this trend we analyzed the probabilities of
weekly rainfal l ( R / P E 0.33) for the periods 1947-
1955, 1956-1965, and 1966-1975 (Table 3) which are
shown in Figure 5. Since a crop-growing season of
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Figure 5 . Ra infa l l probabi l i ty estimates of R / P E 0.33 for three selected da tum periods, D a k a r ( Y o f f ) ,
Senegal (14° 44'N, 1 7 °3 8 ' W ) .
Table 3. Probabil i t ies ( R / P E > 0.33) of weekly rainfal l in
Dakar (Yof f ) , Senegal.
Data-
collection
period
1947-1955
1956-1965
1966-1975
Weeks
rainfall
probabil i ty
exceeded 70%
10
7
6
Probabil i ty
of having a 
growing season
of 10-12 weeks (%)
80
60
40
about 84 d is required for opt imal groundnut pro-
duction in western Senegal, the constraint imposed
by shortening the length of the growing season could
have grave consequences on crop yield.
We have also analyzed, on a similar basis, the
precipitation data of a few other Afr ican groundnut-
growing locations. We observed a similar trend.
These results show that the agroclimate of the
groundnut-growing areas is fragile. The rainfall of
these areas is low and seasonal, and preliminary
indications are that it decreased in the past few
decades. The growing season is getting shorter.
Further, the groundnut-growing soils are sandy,
shallow, and in many cases highly prone to erosion.
A serious interdisciplinary farming systems research
effort must be continued and further intensified to
evolve new and improved groundnut-production
systems to increase and stabilize yields in the SAT.
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Biological Constraints to Increased Groundnut
Product ion in the Semi -Ar id Tropics
R . W . G ibbons 1
Abstract
Groundnuts, wherever they are grown, are subjected to a wide range of destructive organisms that 
can reduce yields. Fungal pathogens are common, and on a global scale the leaf spots, rust, and 
the toxin-producing Asperg i l l us f lavus are regarded as important, and can drastically reduce 
yields or the quality of the crop. Other fungi are regionally or locally important, and there are 
instances where new pathogens have recently become serious. In general, viruses are restricted in 
distribution, but on a regional or national basis can be devastating in years when epidemics occur. 
At least one virus, the seed borne peanut mottle virus (PMV), is found in most groundnut-growing 
countries and is often overlooked because it produces mild symptoms. Only one bacterial disease, 
caused by Pseudomonas so lanacearum, is economically important, and is a problem in certain 
areas, particularly China and Indonesia. 
Many pests attack groundnuts, but relatively few cause consistent and serious yield losses on a 
worldwide basis. Aphids are, however, important globally and are vectors of several important 
viruses. Direct yield losses caused by species of thrips are usually not serious, but F r a n k i n i e l l a
schul tze i is very important as the main vector of bud necrosis virus in India. Locally, leafhoppers, 
millipedes, leaf miners, and various sucking bugs can be serious pests. 
Over the last decade there has been an increasing effort to utilize host-plant resistance, or 
integrated management schemes, to overcome many of the more serious yield reducers. 
Aspects of poor nodulation due to inefficient native strains, or poor application techniques, 
are discussed in the light of current research findings. 
1. Program Leader, Groundnut Improvement Program, ICRISAT, Patancheru, A.P. 502 324, India.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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I n t r o d u c t i o n
The cultivated groundnut, Arachis hypogaea L., is
grown in many countries of the semi-arid tropics
(SAT). In the SAT the groundnut, wi th its high
protein and oi l content, is important both as a 
human food and a source of cooking oi l . Groundnut
hay is used extensively in the SAT as cattle fodder,
particularly in the dry season after the crop has been
harvested. The hay is often sold for cash in Afr ica,
but the yield and quality may be affected by fol iar
diseases which can cause extensive defoliation before
harvest. To many farmers of the SAT, groundnuts
are a major source of cash income when sold for
local consumption, or for export to developed coun-
tries.
Yields in the SAT are low, averaging 800-900 kg
ha - 1 , compared to the average yield of over 2500 kg
ha-1 produced in developed countries such as the
United States. The low yields can be attributed to
three major constraints: unreliable rainfall, pests,
and diseases. In the United States similar constraints
are present, but are overcome by capital inputs of
mechanization, irr igation, fertilizer application and
pest-control systems.
Biological constraints are not independent of abi-
otic constraints. Pests and diseases are affected by
each other, and by climate and soils in very complex
interactions. For simplicity, biological constraints
can be conveniently discussed under the headings of
diseases, insect pests, and factors affecting symbiotic
relationships with nitrogen-fixing bacteria. In this
review weeds wi l l not be discussed, although their
importance as yield reducers is well recognized.
Diseases
Groundnuts are affected by many diseases caused by
fungi, viruses, and bacteria. Diseases may be dis-
tributed worldwide, or of only regional or restricted
significance.
Foliar Fungal Diseases
Three foliar diseases exist worldwide and cause sig-
nificant losses annually, particularly in the develop-
ing countries of the SAT. The leaf spots (early and
late) have long been regarded as serious diseases of
groundnut, while the third major disease, rust, has
only been of worldwide significance over the last 15
years.
Leaf Spots
Early leaf spot, caused by Cercospora arachidicola, 
and late leaf spot, caused by Cercosporidium per-
sonatum, are probably the most serious diseases of
groundnut worldwide (Jackson and Bell 1969). The
diseases have often been collectively referred to as
Mycosphaerella leaf spots, Cercospora leaf spots,
brown leaf spots, peanut cercosporiosis, viruela, and
t ikka (Jackson and Bell 1969). Although both leaf
spots are commonly present together, the intensity
and severity of each disease varies over localities and
seasons, and there can be both short- and long-term
fluctuations in their relative proportions. Early leaf
spot was the predominant disease in the southeast-
ern United States f rom 1967 unti l 1976, but since
then late leaf spot has become dominant (Smith
1984). In the groundnut-producing states of south-
ern India late leaf spot is very severe, and early leaf
spot is much less important (Subrahmanyam et al.
1980). In Nigeria, late leaf spot predominates in the
low-rainfal l areas of the nor th, but early leaf spot is
more important in the higher-rainfall areas (D .
McDona ld , I C R I S A T , personal communication
1985). In Malawi early leaf spot regularly causes
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almost complete defoliation of the crop in the main
producing areas (1000-1500 m elevation) of the cen-
tral region. Late leaf spot is common in the low-
altitude areas where it is hot and humid (Sibale and
Kisyombe 1980). Late leaf spot is more important in
the Casamance region of southern Senegal (Gau-
treau and De Pins 1980). In many countries of the
SAT detailed information defining which leaf spot
predominates, and the climatic conditions affecting
spread of the diseases, is lacking. Care also has to be
taken in identifying the leaf spot fungi by symptoms
alone, as symptom expression is affected by cultivar
and environment (Subrahmanyam et al. 1982a).
It has been estimated that leaf spots can reduce
pod yields f rom 10-50% when fungicides are not
applied (Jackson and Bell 1969). Losses of 10% have
been reported in the United States, even under regu-
lar fungicide-application regimes (Jackson and Bell
1969). However many peasant farmers in the SAT
cannot afford or lack access to modern fungicides,
sprayers, and even adequate sources of clean water
for high-volume spraying on their crop. In northern
Nigeria application of fungicides in certain low-
rainfall seasons has extended the growing season of
cultivars adapted to the region, leading to drought
stress and aflatoxin problems due to late harvesting
(D. McDonald, 1CRISAT, personal communication
1985).
There are at present no released cultivars resistant
to either of the leaf spot fungi, but in the last few
years more intensive research programs on breeding
for resistance have begun in several countries. Breed-
ing lines with moderate resistance to both leaf spots
and wi th desirable agronomic traits are being bred
(Smith 1984). Many rust-resistant cultivars, mainly
f rom South America, also have moderate levels of
resistance to C. personatum (Subrahmanyam et al.
1982b). Sources of resistance to early leaf spot in A 
hypogaea have been reported f rom the United States
(Sowell et al. 1976, Hammons et al. 1980). However,
Subrahmanyam et al. (1983) failed to f ind resistance
to early leaf spot in some 2000 genotypes screened in
Malawi , even though the collection contained geno-
types reported resistant elsewhere. Strains of both
fungi resistant to the fungicide benomyl have been
reported (Clark et al. 1974). Variat ion in the patho-
gens could make breeding for resistance more location-
specific. Sources of resistance and immunity to the
leaf spot fungi also occur in the wi ld Arachis species.
Interspecific breeding programs uti l izing this resis-
tance are underway in the United States, and at
I C R I S A T Center in India (Stalker 1984, Moss
1980).
Rust
Rust, caused by Puccinia arachidis, was largely con-
fined to South and Central America and the Carib-
bean prior to 1969, wi th occasional outbreaks occur-
ring in the southeastern groundnut-producing areas
of the United States. The disease was also recorded
in the USSR in 1910, Maurit ius in 1984, and the
Peoples' Republic of China in 1937, but did not
become permanently established in these countries
(Hammons 1977, Subrahmanyam et al. 1979). In
recent years rust has spread, and has become estab-
lished in most groundnut-growing countries in Asia
and Afr ica (Subrahmanyam and McDonald 1983).
Yield losses f rom rust can be substantial. In Texas,
Harrison (1973) reported losses of 50-70%, and in
India Subrahmanyam et al.(1983) reported losses of
50%. When rust occurs in conjunction wi th the leaf
spot fungi, yield losses can be even higher.
The reasons for the rapid spread of rust over the
last 15 years are not clear. Groundnut rust can
spread by long distance dissemination of uredinios-
pores, by the movement of infected crop debris, or
by the movement of pods or seeds surface-
contaminated wi th urediniospores or infected crop
debris. There is no reliable evidence of groundnut
rust being internally seedborne (Subrahmanyam
and McDonald 1983). Urediniospores are short-
lived on infected plant debris. It is therefore unlikely
that the fungus is perpetuated f rom season-to-
season in crop debris under the hot climatic condi-
tions often encountered in the SAT, particularly if
only one groundnut crop is grown in a year (Sub-
rahmanyam and McDonald 1982). Perpetuation
could be in several ways. The pathogens could sur-
vive f rom season-to-season on volunteer groundnut
plants. No authentic alternate host species are
known outside the genus Arachis (Subrahmanyam
and McDonald 1983). Continuous groundnut crop-
ping without any break appears to be the most likely
factor in the perpetuation of rust. This happens in
the SAT regions of India, particularly in the south-
ern states, where rainy-season crops are followed by
crops grown on residual moisture and under irr iga-
t ion (Subrahmanyam and McDonald 1983). Double
cropping of groundnuts also occurs in the wetter,
humid areas of China (Zhou et al. 1980) and Thai-
land (A. Patanothai, Khon Kaen University, Thai -
land, personal communication).
In the SAT areas of southern Afr ica rust was
reported in March 1974 f rom Zimbabwe, and in
Zambia and Malawi in 1975. It is also present in
Mozambique and Tanzania. Cole ( In press) in a 
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recent review of the rust situation in southern Afr ica
states that although the ini t ial outbreaks caused
concern, and the disease is now endemic to the
region, serious outbreaks are now confined to spe-
cific groundnut-growing areas and it is sporadic in
the rest of the product ion areas. Cole ( In press) has
related altitude and humidity to rust outbreaks.
Where groundnuts are grown in Malawi below an
altitude of 750 m rust is serious, as in the lakeshore
areas of the country which al l lie below 500 m.
Similar situations occur in the lower altitude areas of
Zimbabwe, Zambia, Tanzania, and South Afr ica.
A l l these countries, except Mozambique, grow a 
single crop of groundnuts in a year. Planting is f rom
Nov-Dec, and the main production areas are at alt i-
tudes above 1000 m. In southern Mozambique
groundnuts are planted f rom Jul-Oct and the main
crop in more northerly areas is planted in Nov-Dec.
Cole ( In press) suspects that spores are blown f rom
southern Mozambique to the main growing areas
which are planted later. This could explain the late
development of infections even in the rust-prone
areas of Malawi . In Zimbabwe also, rust appears
only on isolated plants a month before harvest.
In West Afr ica, rust was first reported in Nigeria
dur ing October 1976. The disease was widespread
but not serious in the northern states, and occurred
only near harvest t ime. It was suspected that the
arrival of rust was f rom the east (Fowler and M c D o -
nald 1978). In early 1977 rust was found on volun-
teer groundnuts at Mokwa, in the higher-rainfall
riverine areas to the south. It appeared in Zaria in
late August 1977, and later appeared further north in
Kano and Bornu states. Fowler and McDonald
(1978) estimated yield losses at not more than 5%.
Salako and Olorunju ( In press) later reported that
rust is highly dependent on the amount and spread
of rainfal l . In the wetter, more southern areas, where
the rains last f r om 7-9 months, this disease is serious
and occurs regularly. In the drier, main production
areas, it is not economically important. Sankara ( In
press) reported that rust appeared in Burkina Faso
in 1977 and is economically important in the 1000-
1100 mm rainfal l zone, particularly when tempera-
tures are low (19-25° C), and the relative humidity is
high (80%). Gautreau and De Pins (1980) regarded
rust as a potential, rather than an actual, threat to
groundnuts in Senegal and introduced rust-resistant
material as a precaution. If the observations on high
rainfal l and long season length are indeed well corre-
lated wi th rust outbreaks, then the main production
areas in the drier zones of the SAT are not going to
be seriously affected by rust.
Excellent sources of resistance to rust exist both in
the cultivated groundnut and in wi ld Arachis spe-
cies, wi th breeding programs underway in several
countries to incorporate these resistances. Agro-
nomically acceptable, high-yielding, rust- resistant
cultivars may become available soon (Subrahma-
nyam et al. 1984). Present evidence indicates that
resistance to rust is stable over widely separated
locations in the Americas, India, and the Peoples'
Republic of China (Subrahmanyam et al. 1983).
Other Foliar Diseases
Many other fol iar diseases caused by fungi have
been reported f rom the SAT and other regions of the
wor ld. They are usually of local or of no economic
importance at present, and they have been reviewed
recently by Porter et al. (1984). Sometimes these
diseases may become important if changes occur in
cultivars or climate. Web blotch, caused by Phoma 
arachidicola is also known as Ascochyta leaf spot
and muddy spot. This disease was first recognized in
the USA as serious in 1972, although described ear-
lier in several other countries (Smith 1984). It has
also become more important recently in Malawi and
Zimbabwe, particularly during cool and wet seasons
in the higher-altitude areas. In Zimbabwe breeding
for resistance has begun after promising resistant
cultivars were identified (Hildebrand 1980).
Soilborne Diseases
Two recent reviews list up to 20 soilborne diseases
affecting groundnuts (Porter et al. 1982, 1984). Stem
rot, caused by Sclerotium rolfsii, also known as
white mold or stem blight, is listed as the most
important yield-reducing disease in the United States.
It has been recorded in all groundnut-growing areas
of the world (Feakin 1973), but has not received or
been given much prominence in the SAT. This is not
surprising because rapid disease development requires
warm, moist conditions, particularly under a very
extensive, lush canopy. Mercer (1978) reported 5.
rolfsiias being a disease seen on research stations in
Malawi , and Rothwell (1962) mentions the fungus as
causing slight damage in Zimbabwe which could
become more serious under intensive cult ivation.
The fungus overwinters on organic matter in the soil.
At I C R I S A T Center the disease is serious on
groundnuts grown on Vertisols but not on Alfisols.
Control measures include deep burial of crop residues
by ploughing.
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Pod Breakdown and Pod Rots
Many fungi attack pods, but two fungi, Pythium 
myriotylum and Fusarium solani, are responsible
for serious economic yield losses in many countries
(Porter et al. 1982). They have been studied inten-
sively in the United States but little research has been
done on them in the SAT. Mercer (1977, 1978) des-
cribed F. solani as causing a wi l t and pod breakdown
in Malawi . Yield losses caused by these, and other
similar fungi, have probably been underestimated in
the SAT. At I C R I S A T Center detailed studies have
shown that susceptible cultivars had 20-25% of their
pods rotted at harvest time. Disease levels in germ-
plasm lines ranged f rom 4-72% (Subrahmanyam et
al. 1980).
Macrophomina phaseolina causes a dry root rot,
a stem rot, wi l t ing, and 'blacknuts'. The disease is
cosmopolitan and soilborne. M. phaseolina is par-
ticularly serious in the Gambia. Intact pods and
seeds may appear healthy but if climatic conditions
are favorable for fungal growth, or the harvest is
delayed, blacknut symptoms occur. Infection starts
between the cotyledons and eventually the white
mycelium turns gray and then black. The symptoms
are often hidden and become apparent only when
the seed is split open. Apart f rom appearance, the
quality of the seed is spoiled, making them unsalea-
ble (Feakin 1973).
Seed and Seedling Diseases
Groundnut seed and seedlings are highly susceptible
to disease because they present a rich source of
stored nutrients useful to numerous fungi. If the
delicate testa, which protects the seed against inva-
sion by fungi, become damaged then the underlying
cotyledons become susceptible to attack. Species of
Rhizopus and Penicillium, Aspergillus niger and A 
flavus are commonly isolated f rom germinating
seed. Adverse soil temperatures and moisture condi-
tions delay seedling emergence, and increase the
probabil i ty of invasion by pathogenic soil inhabiting
fungi (Sullivan 1984).
Aspergillus niger causes a crown rot and a collar
rot as well as a seedling bl ight, and is a worldwide
problem. It is very prevalent on the lighter tropical
soils in the SAT because it can tolerate low soil-
moisture conditions. It develops most rapidly at 30-
35° C (Feakin 1973).
Many countries in the S A T have developed con-
t ro l measures for seed and seedling diseases, usually
involving rotations and chemical seed dressings.
Without these measures losses caused by A. Niger 
have been estimated at more than 50% in areas of
continuous groundnut cultivation in India (Chahal
et al. 1974).
Yellow Mold and Aflatoxin
Mycotoxins of Aspergillus flavus came into promi-
nence in the early 1960s when they were found in
groundnut meal, and killed 100 000 young turkeys in
the United Kingdom. Mycotoxins are toxic fungal
metabolites and the tox in produced by A. flavus 
group of fungi are known as aflatoxins. They are
powerful carcinogens and have been implicated in
both animal and human deaths f rom liver cancer
(Pettit 1984). This discovery has caused great con-
sternation among world health authorities and im-
porters or users of groundnut products. The litera-
ture on A. flavus is now voluminous and has recently
been reviewed by Diener et al. (1982).
As the role of the environment on the incidence of
aflatoxin is discussed by two other scientists at this
conference (Picasso and Pettit) only some general
remarks are made in this review of biological con-
straints.
A. flavus is found throughout the world. In the
SAT the groundnut crop is very vulnerable to inva-
sion before harvest because pods are commonly
damaged by insects and fungi, which facilitates inva-
sion by A. flavus. As the crop is grown mostly by
small farmers, often using hand tools, there is a high
possibility of damage to pods and seeds at l i f t ing and
shelling. There is always a great chance of droughts
occuring in the SAT, and droughts have been
strongly linked with the occurrence of aflatoxin in
groundnuts. Rapid drying of the seeds to 7-9% mois-
ture content, below which levels the fungus cannot
grow, is diff icult in the SAT because drying is often
done in the f ield. Late rains can rewet the pods and
the moisture content rises, thus allowing the fungus
to regrow. The SAT countries often lack the strin-
gent inspection systems that have been set up in the
United States, and moldy, infected seed is often
eaten when the fields are gleaned after harvest. These
overmature seeds are likely to have high levels of
aflatoxin.
In addit ion to cultural methods, there are alterna-
tive approaches to reduce aflatoxin contamination.
One of these is to breed cultivars wi th resistance to
seed invasion by A. flavus. Several germplasm sour-
ces have been identified whose seed is not invaded by
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A. flavus as long as the testa remains intact ( M i x o n
and Rogers 1973, M i x o n 1979, Mehan et al. In
Press). Field trials in the United States wi th these
breeding lines f rom Georgia failed, however, to
show any reduction in af latoxin content of their
produce compared to the commonly grown cultivar
Florunner (Blankenship et al. In press, Davidson et
al. 1983). Another approach being taken at I C R I -
S A T Center is to screen germplasm lines to deter-
mine the abi l i ty of their seed to support production
of af latoxin when inoculated wi th an af latoxin-
producing strain of A. flavus (Mehan et al. In press).
In i t ia l screening took place in 1979, and significant
differences in the rate and accumulation of aflatoxin
between cultivars were found (Mehan and M c D o -
nald 1983). Further studies have shown that the
genotypes U4-7-5 and V R R 245 produced less than
10 g g-1 seed of af latoxin B1 compared to the control
cultivar T M V 2, that produced more than 150 g g -1
seed. These genotypic differences in aflatoxin B1
product ion were consistent over seasons, although
levels were slightly lower in seed f rom the rainy-
season crop than in seed produced in the irrigated
postrainy-season crop (Mehan et al. In press).
So far no cult ivar has been found that resists
invasion when the testa is intact, and is also a low
af latoxin producer when the testa is removed.
Attempts are now being made at I C R I S A T Center
to breed genotypes wi th low aflatoxin-production
levels and resistance to seed invasion.
The solut ion to the af latoxin problem wi l l not be
dependent on any one approach, whether it be
genetic, cul tural , or chemical. There wi l l have to be
an integrated management approach including good
husbandry, correct harvesting and curing practices,
good storage methods, genetic character uti l ization,
improved sorting procedures, and detoxification
techniques.
Bacterial Diseases
Bacterial wi l t , caused by Pseudomonas solanacea-
rum, is regarded as the only serious bacterial disease
of groundnuts and is extremely serious on tobacco,
potatoes, eggplants, and other solanaceous crops
(Feakin 1973). Consistent heavy yield losses in
groundnuts occur in the humid regions of southern
China, Indonesia, and Uganda. Al though a serious
outbreak occurred in Georgia in 1931 it is now
regarded as a minor disease in the United States
(Gitaitis and Hammons 1984).
The disease flourishes in the warmer tropical and
temperate areas. It is soilborne, and survives best in
soils w i th high moisture levels. At present it does not
seem to constitute a threat to groundnut production
in the SAT.
Virus Diseases and their Vectors
There are several virus diseases affecting ground-
nuts, many of which have not been precisely charac-
terized (Reddy 1980). Four viruses are of particular
economic importance in the SAT, and they differ
widely in their distr ibution, characteristics, and
mode of transmission. These four viruses have been
more extensively studied than many of the minor
ones, but there are still many gaps in our knowledge
because of the lack of virologists and well-equipped
laboratories in the developing wor ld (Reddy 1980).
Peanut Mottle Virus
Peanut mott le virus ( P M V ) was first discovered as
the causal agent of a mottle disease in 1961. Since
then it has been reported in all major groundnut-
producing regions of the wor ld (Kuhn and Demski
1984). Positive identification of P M V has been made
in the United States, East Afr ica, Austral ia, Europe,
Japan, Philippines, South America, Malaysia, and
India (Ghanekar 1980). It has probably not been
identified positively in many other countries of the
SAT because of the very mi ld symptoms produced,
and the lack of plant stunting usually associated wi th
viruses.
Yield losses have been estimated as high as 30% in
Georgia, USA (Kuhn and Demski 1975). P M V is a 
polyvirus and is transmitted by several species of
aphids, including Aphis craccivora, in a nonpersis-
tent manner.
This virus occurs in nature on several important
legume crops of the SAT, including Glycine max, 
Phaseolus vulgaris, and Vigna unguiculata. Trans-
mission through groundnut seed appears to be the
most important source of P M V in groundnut, and
the free exchange of seed around the wor ld has
probably helped to spread the virus. Aphids are
efficient vectors of P M V , and wi l l transmit the virus
to other plants. Any climatic conditions that favor a 
rapid bui ldup of aphid populations could result in
an epidemic. The epidemiology of the disease has
been studied in the United States (Kuhn and Demski
1984). Li t t le is known about the role of wi ld legumes
in the S A T that could sustain the virus, and the
aphid vectors, during the dry season.
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Tomato Spotted Wi l t Virus Peanut Clump Virus
A ringspot disease caused by Tomato Spotted Wi l t
Virus (TSWV) was first reported in Brazil in 1941
(Costa 1950). It was subsequently recorded in South
Afr ica, Austral ia, United States, India, and Nigeria
(Reddy 1984a). The disease has only reached epi-
demic proport ions in India, and this has only hap-
pened in the last two decades. It is now regarded as
one of the most important groundnut diseases in
India where it is known as Bud Necrosis Disease
(BND) , because one of the typical symptoms is death
of terminal buds (Ghanekar et al. 1979). The virus
has a wide host range, including some common
weeds of groundnuts in India, and unlike P M V , it is
not seedborne.
Over 7000 germplasm lines have been screened at
I C R I S A T Center for resistance, but without suc-
cess. Some germplasm lines and a number of
released cultivars do, however, show lower-than-
average incidence of the disease under field condi-
tions (Reddy et al. 1983). The disease is transmitted
in India by two species of thrips, Frankliniella 
schultzei and Scirtothrips dorsalis. 
The virus is only acquired by the vectors in the
larval stage. Adults cannot acquire it but they can
transmit (Reddy 1984b). Studies in India by A m i n
and Mohammad (1980) have shown that epiphytot-
ics are associated wi th an abundance of the major
vector, F. schultzei Populations of the vector are at
their lowest during the summer months when they
survive on wild plants, cultivated crops, and orna-
mentals. Migrat ion occurs after the monsoon show-
ers start. At Hyderabad large-scale migrations to
groundnuts occur in August and January. The thrips
are carried by the prevailing winds, mainly in the
early evening. Disease incidence is associated with
immigrant thrips and secondary spread seems to be
less-important (Amin and Mohammad 1980).
Control measures include early planting to pro-
mote plant growth before the major immigrations
occur, and high plant populations to dilute the per-
centage of infected plants. Planting less-susceptible
cultivars, such as Robut 33-1, is also a part of the
integrated management system.
B N D has become more important in India over
the last decade, and this is possibly due to double
cropping of groundnuts and planting highly-suscep-
tible cultivars. Further research on the epidemiology
of the disease on a national scale is required. As this
disease can bui ld up rapidly, vigilance should be
exercised in other countries where the vectors and
the virus are known to occur.
Peanut clump virus (PCV) has been reported f rom
Senegal, Burkina Faso, and the Ivory Coast in West
Afr ica (Thouvenel et al. 1976), and f rom several
locations in India. Early-infected plants in India
produce few pods and yield losses of up to 60% have
been observed in late-infected plants (Nolt and
Reddy 1984).
The disease occurs in patches in the field, and
reappears in progressively enlarged patches in later
years. Infected plants are dwarfed and dark green
wi th darkened roots, the epidermal layers of which
peel off easily. The physical properties and mor-
phology of the rod-shaped particles of West Afr ican
and Indian PCV-isolates are identical. Local lesions
produced by the Indian and West Afr ican isolates
are identical on Chenopodium quinoa, but the West
Afr ican isolates have a wider host range. Serologi-
cally, the isolates f rom within different regions of
India are different (D.V.R. Reddy, I C R I S A T , per-
sonal communication).
PCV is soilborne, and the vector in West Afr ica is
a fungus, Polymyxa graminis. In India, the vector
for PCV has not yet been confirmed, but P. graminis
has been isolated f rom graminaceous hosts in PCV-
infected soils (D.V.R. Reddy, ICR ISAT , personal
communication).
PCV is the first soil-transmitted virus to be identi-
fied in groundnuts. The actual distribution of PCV
has not yet been ful ly determined in either West
Afr ica or India. Visual observations of plants infected
wi th PCV could be confused wi th the symptoms of
'green rosette', which is common in West Afr ica. The
only control method at the moment is the use of
biocides that destroy the soilborne vector, and hence
the virus.
Groundnut Rosette Virus
Groundnut rosette, f i rst reported f rom Afr ica in
1970, is recognized as the most economically impor-
tant virus disease of groundnuts. It is now believed
that rosette is confined to the Afr ican continent,
south of the Sahara. Earlier reports of rosette in
Austral ia and Indonesia were not substantiated, and
in India the reports were based only on visual symp-
toms (Gibbons 1977). Several of the Indian reports
probably confused clump and bud necrosis viruses
wi th rosette (D.V.R. Reddy, I C R I S A T , personal
communication).
'Green rosette' (GGR) and 'chlorotic rosette'
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(GCR) are recognized on the basis of symptoms.
GGR is commoner in West Afr ica, whereas GCR is
commoner in East and Southern Afr ica. Depending
on time of infection the disease can cause yield losses
of up to 80%. Rosette is transmitted in a persistent
manner by Aphis craccivora (Reddy 1984c). Recent
research has confirmed earlier reports that rosette
virus consists of at least two components, one of
which causes the symptoms of rosette, and the other
is an assistor virus that is required for transmission
by aphids (D.V.R. Reddy, I C R I S A T , unpublished).
Limited tests have shown that no naturally-
occurring hosts of the aphid, apart f rom groundnut
volunteer plants, are alternate hosts of the virus as
well (Gibbons 1977). In Tanzania, Evans (1954)
stated that groundnut volunteers can survive the dry
season and act as reservoirs of the virus and the
aphid. In Malawi , volunteer groundnuts are diff icult
to find after the long dry season of 7 months begins
in A p r i l (K .R. Bock, I C R I S A T , personal communi-
cation). In Nigeria, Booker (1963) found that a 
weed, Euphorbia hirta was the principal host of the
aphid, but not the virus, dur ing the dry season. He
also noted that in Nigeria the incidence of rosette
increases f rom nor th to south, and is lowest in the
comparatively dry Sudan zone where the bulk of the
crop is grown. However, in 1975 a rosette epidemic
occurred in the main-production, drier, zones of the
country, not in the high-rainfal l areas where it is
usually endemic, but in the Sudan zone (Yayock et
al. 1976). Out of an estimated 1.3 mi l l ion ha planted
to groundnuts in 1975, about 0.7 mi l l ion ha were
severely damaged at an early growth stage. Yayock
et al. (1976) believed that an unusual combination of
weather and sowing dates led to this disaster. Early
sowing of groundnuts in the south was followed by
dry weather after germination. Aph id colonies on
these plants in the south developed many winged
adults, which were blown northward by the prevail-
ing winds, and reached the northern zones where the
crop was just emerging. Dur ing subsequent dry
weather in the nor th, winged adults were formed and
dispersed to other areas. This led to a massive dis-
ease spread.
Resistance to rosette is available in germplasm
f rom West Afr ica, and resistant cultivars have been
bred in Senegal, Niger, and Malawi (Gil l ier 1980,
Misar i et al. 1980, Sibale and Kisyombe 1980). At
the t ime of the 1975 epidemic in Nigeria all the
resistant cultivars had been bred for the wetter,
longer-season rosette-prone areas of Nigeria and
they were not adapted to the Sudan zone. More
detailed studies on the epidemiology of rosette are
now being carried out in Nigeria and Malawi in
conjunction wi th the Peanut CRSP, Ahmadu Bello
University, and ICRISAT .
Nematode Diseases
The groundnut plant is attacked by a variety of plant
parasitic nematodes. In some areas of the wor ld
cult ivat ion of the crop cannot be maintained w i th -
out nematode control . Depending on the genus of
nematode involved, root systems, pods, and seeds
may be directly damaged. Affected plants lack vigor
and have reduced drought resistance. Nematode
damage can also affect nodulat ion and make the
plant more vulnerable to invasion by diseases (Por-
ter et al. 1982).
The root-knot nematodes {Meloidogyne sp.) are
probably the most important in l imi t ing groundnut
yields (Porter et al. 1982, Rodriguez-Kabana 1984).
M. arenaria, M. hapia, and M. javanica are distr ib-
uted in al l parts of the wor ld between latitudes 35° N 
and 35°S. Other important cosmopolitan nema-
todes are species of Pratylenchus, Aphelenchus, and
Aphelenchoides.
Many attempts have been made to f ind sources of
resistance to nematodes in groundnuts. Particular
attention has been paid to the species of Meloido-
gyne, but no resistance has been found so far (Porter
et al. 1982), thus chemical control of nematodes is
commonly undertaken in the United States. In the
SAT, Germani (1979) has demonstrated dramatic
pod and hay yield increases wi th nematicide treat-
ments in Senegal to control Scutellonema cavenessi 
Some of the chemical treatments also had very sig-
nificant residual effects. In India, a parasitic nema-
tode, Tylenchorhynchus brevilineatus, was shown to
be the cause of a disease that had become known as
'Kalahasti Malady ' in farmers' fields of Andhra Pra-
desh, India. The disease had been seriously affecting
groundnut yields on sandy soils since 1976 (Reddy et
al. 1984). Yields were again significantly increased
by the use of soil chemicals. Misar i et al. (1980) have
recorded at least 11 species of nematodes on ground-
nuts in Nigeria, but consider that only two species
may be potentially important. Due to the lack of
trained nematologists in the SAT, damage caused by
nematodes has probably been underestimated. Fur-
thermore, many of the nematicides are both costly
and toxic, so it is unlikely that farmers would readily
use them. More work needs to be done on f inding
nematode resistance in groundnuts, as has been suc-
cessfully done in other crops.
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A r t h r o p o d Pests
Smith and Barfield (1982) have listed more than 360
soil- and foliage-inhabiting arthropod pests of ground-
nuts. This large number is not unique, and Van
Emden (1980) considers this large diverse array of
pests as typical of legume crops. Fortunately most of
them are not serious pests, and although some of
them are cosmopolitan in distr ibut ion, many of
them are restricted to certain areas. Many of the
groundnut pests are also pests of other crops.
The arthropod pests can be generally grouped into
two major divisions, those attacking the foliage, and
those inhabit ing the soil. In this review the major
pests are discussed under these headings. Foliage
pests are subdivided into those that consume the
plant parts, and those that are intracellular feeders.
Foliage Consumers
Most of the important foliage feeders are Lepidop-
tera. Serious pests in India include Spodoptera lit-
ura, Aproaerema modicella, species of Amsacta, 
and to a lesser degree, Heliothis armigera. Am in and
Mohammad (1980) reviewed the Indian literature
and concluded that Aproaerema modicella and spe-
cies of Amsacta had been long recognized as pests of
groundnuts, whereas Spodoptera litura and Hel io-
this armigera had only come into prominence in the
last two decades. This is possibly due to the spread of
groundnuts into new areas, and the expansion of
groundnuts as an irrigated crop in the dry season.
Aproaerema modicella is also listed as a pest in
Indonesia, under the earlier name of Stomopteryx 
subsecivella by Feakin (1973). In Nigeria, Misari et
al. (1980) only record various beetles that consume
flowers as being important foliage feeders. Lepidop-
teran pests in Senegal include Amsacta sp., and
Spodoptera littoralis, according to Gautreau and De
Pins (1980). The two-spotted spider mite (Tetrany-
chus sp) is widespread and can be important when
groundnuts are grown in l ight, sandy soils that
become drought stressed. Populations can build up
rapidly, particularly if predators are controlled by
insecticides (Campbell and Wynne 1980, McDonald
and Raheja 1980).
It is generally agreed that groundnuts are most
susceptible to defoliation f rom 70-80 days after
emergence (DAE) , and can in fact withstand pre-
flowering and near-harvest defoliation without severe
effects on yield (Smith and Barfield 1982). Therefore
unless defoliators bui ld up dur ing the most suscepti-
ble period, there is l i t t le need to spray insecticides to
control them. Low to moderate levels of resistance
to several defoliators have been recorded (Campbell
and Wynne 1980, Leuck and Skinner 1971, Rao and
Sindagi 1974).
Intracellular Feeders
Intracellular feeders cause damage by removing sap,
by injecting toxins, and most important ly by acting
as vectors for plant pathogens, particulary viruses.
Aphids are generally considered more important
as vectors of viruses than causing direct damage.
Smith and Barfield (1982) list six aphid species as
vectors of virus diseases. Undoubtedly Aphis cracci-
vora is the most important of these, as it is a vector of
rosette, peanut mott le, peanut stunt, and groundnut
eyespot virus. A. craccivora is widespread through-
out the groundnut-growing areas of the SAT. In
India, where rosette does not occur, direct damage
by A. craccivora has been recorded in northern India
by Rai (1976). As a direct pest aphids cause leaf
curl ing and stunted growth, and during droughts the
plants may suffer stress due to loss of sap (Feakin
1973). Misar i et al. (1980) also reported that high
aphid populations in northern Nigeria result in wi l t -
ing and death of the crop during periods of hot
weather.
Seventeen species of thrips have been listed as
pests of groundnuts by Smith and Barfield (1982).
As wi th aphids, their most important role is as vec-
tors of tomato spotted wi l t virus (TSWV). Frankli-
niella schultzei, and to a lesser extent Scirtothrips 
dorsalis, are the vectors of TSWV on groundnuts in
SAT India (Amin and Mohammad 1980).
Thrips rasp leaf tissues, particularly young leaflets
in the terminal buds, and when ful ly opened, the
leaves are malformed and puckered. Particularly
heavy damage can result in defoliation. Some reports
f rom SAT countries, where TSWV is absent or rare,
state that thrips are serious pests of groundnuts.
Feakin (1973) records Caliothrips indicus as a 
serious pest in south India, and C. impurus and C.
sudanensis as pests in Sudan. Misari et al (1980)
mention that thrips are becoming more important in
northern Nigeria. In Malawi the large-seeded cul-
t ivar, Chalimbana, appears to be very susceptible to
damage by thrips and leaves of this cultivar are more
malformed and puckered than other cultivars (R.W.
Gibbons, ICR ISAT , unpublished).
According to Smith and Barfield (1982), the det-
r imental effects of direct thrips feeding on yield have
been very controversial for many years. Many recent
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reports f rom the United States have failed to identify
increases fo l lowing chemical control wi th insecti-
cides. H i l l (1975) has also questioned the economic
importance of thrips control in Afr ica. There appear
to be sources of resistance to thrips in both the
cultivated groundnut and in wi ld Arachis (Campbell
and Wynne 1980, Am in and Mohammad 1980). This
would be useful as part of an integrated management
system where thrips are vectors of TSWV because
genetic resistance to the virus has not yet been found.
Leafhoppers, particularly species of Empoasca, 
are pests of groundnuts in many countries. Adults
and nymphs suck sap f rom the leaves, and the leaves
become burnt and yellowed at their tips, because of
the toxic saliva injected into the plants. In India, E.
kerri is the dominant species and can cause irrevers-
ible wi l t ing in seedlings according to A m i n and
Mohammad (1980). E. facialis is important in many
parts of Afr ica, while E. dolichi, the cotton jassid, is
an important pest of groundnuts in Nigeria ( M c D o -
nald and Raheja 1980). There is l i t t le informat ion on
the economic returns of using insecticides to control
leafhoppers, but there are reports of good levels of
resistance to the leafhoppers in cultivated ground-
nuts (Campbell and Wynne 1980, Am in and Mo-
hammad 1980).
Soil Pests
Important soil pests of groundnuts in the SAT
include termites, wireworms, and various insect lar-
vae. McDona ld and Raheja (1980) considered that
termites and millipedes are the most important soil
pests in Afr ica, but termites are not listed as pests of
groundnuts in the United States by Smith and Bar-
field (1982). Feakin (1973) lists 16 species of termites
as pests of groundnuts in the S A T and many drier
areas of the wor ld . The damage caused can be
divided into those species that scarify the pods, and
those that enter the plant in the root region and mine
the stems and roots.
The pod scarifying termites include species of
Odontotermes, Microtermes, and Amitermes. After
scarification the pods become weak and more vulner-
able to breaking and cracking, which facilitates
invasion by A. flavus and other fungi (Feakin 1973).
In Nigeria, Johnson and Gumel (1981) found that
pod scarification was caused by Microtermes lepi-
dus, and more damage was caused in the drier zones
of the Sudan savanna than in the wetter Southern
Guinea savanna zones. Scarification was also more
common in dead plants which had been ki l led by
termites invading the roots. In market samples,
Johnson and Gumel (1981) found the number of
scarified pods rarely exceeded 5% of the total pods,
but over 85% of the seed f rom scarified pods was
infected by the fungi Macrophomina, Fusarium, 
and Aspergillus. 
Termites can be controlled by chemicals, but
those that are most efficient are usually very toxic to
humans, and also persist in the soil for many years.
Feakin (1973) advocates repeated mechanical cult i-
vat ion over years, the use of less toxic chemicals,
mulching, and good crop husbandry as possible con-
t ro l measures. Amin and Mohammad (1980) reported
cultivar differences in the numbers of pods scarified
by soil-inhabiting termites in India. Newer methods
of termite control are currently being investigated by
entomologists in Britain. These methods are based
on the control of the fungi which termites cultivate
as sources of food in their nests (T. Wood, Tropical
Development and Research Institute ( T D R I ) , Lon -
don, personal communication).
Mill ipedes are common pests in many parts of
Afr ica (McDona ld and Raheja 1980). Immature
forms of the genus Peridontopyge feed on young
pods and developing seeds in Nigeria. Misar i et al.
(1980) estimate that pod losses can be as high as 30%
due to millipede damage, but attacks vary over years
and locations in northern Nigeria. Gautreau and De
Pins (1980) reported that millipede damage to seed-
lings and pods has increased in Senegal over the last
few years. In the Sudan, Ishag et al. (1980) reported
that damage at the beginning of the rains when
millipedes appear in great numbers.
Various other soil pests are important in the SAT.
White grubs (Lachnostera consanguinea), the poly-
phagous larvae of beetles, are particularly important
in the northern states of India. In some of these areas
farmers have been compelled to stop growing ground-
nuts because of white grubs (Am in and Mohammad
1980). White grubs are of minor importance in Nige-
ria (Misar i et al. 1980) and Malawi (Mercer 1978).
Hilda patruelis, a Hemipteran sucking pest, causes
groundnut wi l t ing in Malawi and Zimbabwe. Adults
and nymphs live in association wi th black ants in
earth tubes at the bases of the groundnut stems.
Contro l measures include insecticides that k i l l the
pest or the ants (Feakin 1973). Reliable economic
threshold l imits for Hilda, and many other pests, are
lacking in the SAT.
Bio log ica l N i t r o g e n F i x a t i o n
Groundnuts fo rm symbiotic associations wi th soil
bacteria of the genus Rhizobium. The Rhizobium 
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infecting groundnuts is a member of the cowpea-
cross inoculation group that nodulates other legumes,
including cowpeas. Most groundnut-growing soils
of the wor ld have sufficient numbers of rhizobia
present to fo rm nodules on the crop. It has long been
known, however, that not all rhizobial strains are
effective in f ix ing nitrogen in symbiosis wi th ground-
nuts.
In recent reviews (Cox et al . 1982, Ketr ing et al.
1982, Wynne et al. 1980, Nambiar and Dar t 1980)
many factors have been shown to affect both nodu-
lat ion and f ixat ion, including soil nutrient status,
diseases, insect pests, soil moisture, l ight, tempera-
ture, cultivar, and intercropping wi th cereals.
Recent evidence has shown that it should be pos-
sible to select specific strains of Rhizobium that can
effectively increase yields of specific cultivars even
when they have to compete wi th local, inefficient,
native strains in a range of environments and soil
conditions (Nambiar and Dart 1980). One such
strain, NC 92, which was collected in South America
and isolated in Nor th Carolina, has shown signifi-
cant yield increases wi th two released Indian cul t i -
vars, Robut 33-1 and JL 24, over a number of sites
and seasons (Nambiar et al. 1984). Strain NC 92
shows promise in Cameroon wi th the locally recom-
mended cult ivar, 28-206 (T. Schi l l ing, U S A I D ,
Maroua, Cameroon, personal communication).
Wynne et al. (1980) also believe strains can be
selected after they have shown broad adoption wi th
a number of host genotypes, or single genotypes.
They suggest that sufficient variabil i ty exists for
selection and manipulation of host genotypes and
strains to produce greater nodulat ion, and greater
f ix ing potential.
Direct application of rhizobial cultures to seed is
the most common method of legume inoculation.
However, groundnut seed is very fragile and easily
damaged. Furthermore seed is often treated wi th
fungicides, which may be toxic to the rhizobial cells.
Nambiar et al. (1984) have shown that l iquid cul-
tures of Rhizobium were best applied to the soil in a 
fur row, just pr ior to planting the groundnut seed.
They suspected that many of the bacteria applied to
the cotyledons before planting may be moved out of
the root zone during germination. When placed
below the seed the inoculant was able to compete
better w i th native strains already in the soil. These
results may explain why inoculat ion trials in the past
have failed to show yield increases.
L o o k i n g A h e a d
A great deal is known about the biology of many of
the harmful organisms that reduce yields of ground-
nuts in the SAT. However, detailed epidemiological
studies of many pests and diseases are lacking on a 
national level, and very few studies have been made
on a regional or international scale. Plant scientists
need much more assistance f rom agroclimatologists
to study the effects of climate on insect pests and
diseases, and to forecast epidemics.
More studies are needed on the economic thresh-
old of pest control . The t iming and types of effective
pesticide applications must receive more considera-
t ion because of the economic plight of the small-
scale farmers of the SAT.
Breeding for resistance to insect pests and diseases
must be regarded as the most effective and economic
method of reducing biological constraints. In the
long term, mult iple resistances should be sought
according to the needs of the country or region. The
ultimate goal would be to put together a package of
practices involving resistances, good agronomy, and
extension advice. It must also be remembered that
biological constraints are not static. Vigilance is
needed to watch for new problems that may arise,
particularly if the farming systems change.
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Global Groundnut Product ion
Discussion
A. Tekete:
You have talked about the influence of soil-water
availabil ity on the growth and yield of groundnut. I 
would l ike to know the influence of nutrient availa-
bi l i ty on water availabil ity, growth, and yield of
groundnut in the Senegal region.
S. M. Virmani:
That was not the brief of my paper. But I have some
knowledge of changes in the nutrient availabil ity in
the soils of these regions. In the sandy soils the
nutrient levels are both lower and much less availa-
ble. In these areas the f ixat ion of nutrients, particu-
larly phosphorus, is very high. I think that because
of soil erosion and other problems associated wi th
less water availabil ity, the problem of nutrient avail-
abil i ty has increased or has intensified. I believe that
water and nutrients are equally important in increas-
ing and stabilizing groundnut production in this
region.
L. D. Swindale:
Thank you, but I th ink you wi l l agree that climate
has relatively minor effect upon nutrient supply. It
may have some effect on nutrient availability because
of the interactions with water and some of the other
factors that climate affects. But in terms of nutrient
supply climate has a relatively minor effect. To some
extent nutrients have been left out of this conference
because the emphasis is on climatic effects.
A. Ndiaye:
I would like to have some idea about the criteria for
the choice of the stations used as sites representative
of groundnut-growing zones.
S. M. Virmani:
I could have taken the data for many other locations.
We have data for about 500 locations. I simply
wanted to demonstrate the dramatic effects of rain-
fal l reduction. This study can be extended to cover
all 500 locations if we wish to look further. But as I 
showed, I was not sure about Dakar, so I looked at
another location in Dakar itself. That showed a 
similar trend. I looked at another location 700-1000
km inland, which is Dosso. Then I also looked at
Nioro du Sahel. The trends were similar. I have not
looked at many other locations, but I th ink the study
can be extended to look at other locations as well.
J. S. Kanwar:
This is a very interesting study by Dr. Virmani. If I 
understand correctly, you mentioned that in the case
of Kano you have sufficient moisture and 120-day
duration varieties can be grown there. Sti l l in that
area the groundnut production is fal l ing. I wonder if
you would like to analyze that situation also?
S. M. Virmani:
There is a paper by Drs. Yayock and Owonubi on
the same subject. I do not have data for Kano to look
at this kind of situation but I would be interested.
J. J. Owonubi:
Which years do you have data for? If the data are
mainly for 1950s and 60s the type of results you gave
wi l l certainly be correct. But if it includes the last 20
years, certainly it wi l l be way off. You can no longer
sow groundnut beginning in June. You have to wait
unt i l the beginning of July. So the growing season is
no longer quite as long as it used to be.
S. M. Virmani:
I used the data between 1930-1960 which have been
published by W M O and could have a bearing on the
results.
A. Ba:
Taking into account the deficiency in rainfall recorded
in Senegal, the low water-holding capacity of soils,
and the lack of i rr igat ion facilities, do you th ink that
techniques such as mulching or incorporation of
organic matter can contribute to increased water
availability to groundnut?
S. M. Virmani:
I anticipated this question. There could be two solu-
tions. One is to increase the water retention in the
soil to increase the water availabil ity. The second is
to adopt intercropping of millet and groundnut to
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stabilize the production. We may have to increase
the proport ion of millet grown in the groundnut
regions of Senegal. This is one of the ways in which
farming systems research can alleviate the problem
of decreased rainfal l and increased rainfal l variabil-
i ty in these areas.
D. Smith:
It has been a retrospective study. Do you see any-
thing in the retrospective analysis that w i l l allow you
to forecast rainfal l patterns for the next 30 years?
S. M. Virmani:
We have been try ing to see if there are any cycles in
rainfal l . One of the problems is that I took a short
data set of the last 30 years available to me. The
reason I used the last 30 years is because much of the
research that is relevant today has been conducted in
the last 20 or 30 years. But we believe, and some of
the work done on cycles of rainfal l in this region
shows, that it is a 11- or 14- or 17-year cycle. The
problem is that reliable rainfall and evapotranspira-
t ion records for a long period are not available.
J. S. Kanwar:
From the trend analysis that you presented, it
appears that there is a need for short-duration varie-
ties. How short could it be? From 140-150 days we
came to 110 days, now we come to 90 days and f rom
the analysis you gave, it appears it is 70 days. I th ink
the j ob of the breeder is most di f f icult . I wonder if
this group of climatologists can give us some idea of
what type of varieties and what durat ion we need for
different crops. It is not just the question of ground-
nut, because in the same area you are also growing
mil let, sorghum, and sometimes intercrops of these.
L. D. Swindale:
The biologists here should give much thought to this
question; this is a very important question.
W. Hoogmoed:
You showed very clearly that soil and water man-
agement w i l l be a too l for improving yields. In this
respect, I have two questions. One, in your studies
you compared annual or seasonal rainfal l and mois-
ture availability index to get possibilities for seasons.
Since many of the soils on which groundnut is grown
are prone to crusting, and hence runoff, d id you take
into account, may be over seasons, that not al l pre-
c ip i tat ion w i l l enter into the soil and be used ? My
second question is, if you would improve the moisture-
holding capacity of soil, you may have a better mois-
ture availabil ity over the season. Do you emphasize
to calculate these in your studies to see the magni-
tude of impact of improving the moisture-holding
capacity to see if it is worthwhi le attempting to do
this?
S. M. Virmani:
Let me respond to Dr . Kanwar. Is the situation sti l l
dynamic or has it stabilized? Most of the meteorolo-
gists believe that the trend that was set up between
1966 and 1975 or so, has established itself and that
the variabi l i ty w i l l be of the same order as in the past
10 years. Whether that is true for the next 10 years is
very diff icult to predict.
To respond to Dr.Hoogmoed, I took the W A T -
B A L program of N ix and coauthors of Australia as
the methodology. We assumed that all the rainfal l is
stored in the soil before any runoff takes place. This
is not basically correct, but as a first approximation
this is the methodology we used. When I say that
soil-water management is the key, I mean that at the
time of crop establishment it is a very important
factor for establishing the stand. Dr . Sivakumar is
attempting Ritchie's soil-water balance model for
many of the locations that I mentioned today and 1 
th ink some responses on a model basis would be
available. One of the problems at the moment is that
we do not have access to a groundnut growth and
development model. I am looking forward to Dr .
Boote's presentation here. Once that model is avail-
able, we wi l l be able to respond to your questions
better.
M. V. K. Sivakumar:
A word of supplement on what has been said w i th
regard to runoff. I think one cannot look at runoff
wi thout considering crop cover. A soil-water bal-
ance model such as the Commonwealth Scientific
and Industr ial Research Organization (CSIRO)
W A T B A L model mentioned by Dr . V i rmani which
does not use any input of crop cover cannot provide
answers to questions on soil management. Ritchie's
water balance model has the capacity to take into
consideration the crop cover and so such computa-
tions can be facilitated. This of course needs some
estimate of leaf area index of the crop for the loca-
tions in which you are interested.
P. Sankara:
a. Sometimes both diseases (rust and leaf spot) can
be observed on the same plant. What are the interac-
tions between these two fungi on the same plant?
b. I would like to know if the propagation is only by
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wind. I am asking this question because in 1982 we
observed a farm in the southwestern part of Burkina
Faso which was total ly destroyed by rust. If the
propagation is by wind is there any means of
conservation?
c. We have also observed certain hyperparasites such
as Tuberculina in fields attacked by rust. What are
the possibilities of using these as a biological control?
R. W. Gibbons:
a. Most of the propagation of rust is by wind. As the
uredospores are viable for upto 40 days under
ambient conditions, they could also be carried on
pods or plant fragments when they are transported
by man. It is not thought that rust is internally
seedborne as are other diseases.
b. Hyperparasites may have promise but they may
be diff icult to manipulate and use effectively. Either
fungicides or resistant varieties would be better solu-
tions unti l we know more about biological control of
rust.
D. Smith:
With respect to biological control of fol iar patho-
gens, one of the things I have observed with hyper-
parasites or mycoparasites is that when they occur
naturally, the disease epidemic is well under way. We
have at Texas a mycoparasite of late leaf spot called
Dicyma pulvinata. I tested this for two years under
field conditions, applied as a foliar spray and com-
pared wi th Daconil®. I was never able to get one leaf
colonized by the hyperparasite. So 1 think we wi l l be
in a better position to search for disease resistance
than depend on hyperparasites.
D. Alhassane:
The climatology of many diseases and pests of
groundnuts is known and resistant lines have been
developed. I would like to know if early warning
systems for groundnut pest control and diseases
have been developed. These systems would reduce
the number of pesticide and fungicide treatments
required which are expensive and polluting.
R. W. Gibbons:
Most of the early warning systems for groundnut
pest control have been developed in USA. Dr. D.
Smith wi l l be speaking on a leaf spot system later on
in this symposium. Such systems are needed in the
SAT for rust and leaf spot and insect control.
A. Ba:
a. You have talked about a possible interaction
between rust and leaf spot. In western Senegal and
Casamance, a combination of these two diseases has
been observed and a breeding program has been set
up to identify varieties resistant to rust. Considering
the possible interaction between rust and leaf spot,
don't you think that identification of rust-resistant
varieties would favor leaf spot development which
we know reduces yield up to 50%?
b. It has also been observed in Senegal that rust
presence is l imited to uredospores and subsequent
stages have never been detected. Uredospores are
generally found around 15 days before harvest. How
do you explain this sudden interruption or lack of
continuity in the fungus development?
c. You have discussed tests to evaluate the resistance
of different varieties to fungus invasion by A. flavus. 
I would like to have more information on these tests.
If resistant varieties have been identified, could you
tell us more about the possibilities of transferring
this resistance to the progenies by breeding?
d. You have mentioned a disintoxif ication work on
aflatoxin- contaminated cakes in Senegal. Don't you
think that there may be surviving spores after the
treatments and a reinfestation of the cakes during
conservation?
R. W. Gibbons:
a. There are probably interactions between rust and
leafspots. The first pathogen probably destroys
tissues and reduces photosynthesis—this could make
the leaf a less suitable substrate for a second patho-
gen. There are indications that if you use selective
fungicides to control leafspots then more rust than
usual develops.
b. In S. America and the USA uredospores are
commonly found, and teliospores are occasionally
found. I do not think teliospores have been found
elsewhere. In the SAT and SE Asia only uredospores
have been found. No other stages of Puccinia ara-
chidis have been found todate.
As uredospores only remain viable for upto 40
days it is suspected that the disease maintains itself
on volunteer groundnuts or by long distance trans-
port of uredospores from other regions where ground-
nuts are being grown in different seasons.
c. The inoculation test for 'dry seed resistance' to A 
flavus has been worked out and published. I wi l l
send you a copy of the I C R I S A T technique. The
resistant factor to invasion is contained in the testa
and has been correlated to various characters such as
wax deposits, amino acid contents etc. As soon as
the testa is broken, infection of the cotyledons takes
place.
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d. There is no doubt that detoxif icat ion of the cake
helps in reducing af latoxin, but after detoxif icat ion
if condit ions are favourable then A. flavus could
probably reinfect the cake and produce more aflatoxin.
D.Smith:
One possibility of dispersing uredospores is the
fabric of the travell ing scientist. It has been shown
that rust uredospores can survive on fabric.
R . E . Lynch:
Research has also been done on the movement of
insects by meteorological factors, especially the jet
stream. Insects can move disease organisms, spe-
cially rust uredospores.
P. Sankara:
In general and as far as resistant varieties are con-
cerned there has always been a pustule that appears
on the leaf but does not evolve. This is because it is
the more important secondary inoculum that des-
troys the leaf. Is'nt there a parasite accumulation
which leads to the establishment of resistance mech-
anisms for the inoculum not to develop?
R. W. Gibbons:
We know quite a lot about resistance mechanisms
for rust. In resistant germplasm rust development
takes longer, pustule size is reduced, the number of
spores produced are less, and the spores germinate
less than in susceptible plants. It is a 'slow-rusting'
response, very similar to the slow-rusting response in
some cereals. In some wi ld species we get an
immense response to infection by rust: in other wi ld
species one can get a hypersensitive reaction.
A. P. Ouedrago:
In the Peanut CRSP project on insect densities
south of Burkina Faso in 1984, we observed more
thrips in the intermediate-rainfall zone. Is there an
interaction between development of thrips and quan-
t i ty of water?
R. W. Gibbons:
There are certainly interactions between insects and
quanti ty of water in the soil , air, and in the plant. I 
am not aware of specific conditions regarding thrips
but they certainly migrate f rom plant to plant and
f rom crop to crop as plants age or dry. In India they
migrate f rom weeds to groundnuts soon after the
crop emerges. In the intermediate-rainfall zone of
Burkina Faso you may be getting migrations f rom
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other crops or f rom other rainfal l areas because of
desiccation in other areas.
Session II
Water Relations of Groundnut
Chairman: D.G. Cummins
Co-chairman: M. Konate
Rapporteur: R. Chase
A l i m e n t a t i o n en eau de l 'arachide en zone t r o p i c a l e
semi-ar ide
C. D a n c e t t e 1 e t F . F o r e s t 2
Abstract
Water Requirements of Groundnuts in the Semi-Arid Tropics: Water requirements of g r o u n d -
nuts (Maximum evapotranspiration- MET) were measured in the field in West Africa between 
1970 and 1980 for varieties of 90- to 120-day duration mainly. Actual evapotranspiration (AET) 
under rain fed conditions (without supplemental irrigation) was also calculated several times. The 
level at which water requirements are met (AET/MET %) was used by scientists to understand the 
factors determining final yield. 
The water-balance model (Forest's method) helps in summarizing the influence of the evapora-
tive demand in the crop growth, crop-water requirements, water use, soil-water characteristics, 
and rainfall at certain stations. This simulated water balance adjusted to ground truth permits (at 
I C R I S A T (Internat ional Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, I C R I S A T Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: I C R I S A T .
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least in West Africa) a posteriori analysis of long series of rainfall and crop yield data for 
obtaining a closer adaptation of the groundnut crop to climate resources and for a better 
understanding of the yield levels obtained. The water balance simulation, which is operational 
and responds satisfactorily to most of the immediate agronomic needs, can still be improved. For 
groundnuts, these improvements will be towards a better grasp of rooting habits, effect of 
fertilizer levels, soil preparation, and stress on a more or less fast and effective recovery of the 
crop.
Final yield is not always sufficiently explained by hydrological factors, although these contrib-
ute to a degree determined by agropedoclimatic factors. Better understanding of groundnut crop 
growth requires further physiological tests and observations. For research this understanding will 
lead to a better adaptation of the crop to an environment, which itself needs to be improved and to 
the attainment of the agroeconomic objectives of the countries concerned, without prohibitive 
costs of inputs. 
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Studies on Water Relations of Groundnut
M . V . K . S i v a k u m a r a n d P . S . S a r m a 1
Abstract
Approximately 70% of the world groundnut production comes from the developing countries, 
many of which lie in the semi-arid tropics (SAT). Yields in the SAT are low and variable due to 
erratic rainfall. Water deficits that are a consequence of the imbalance between water supply and 
plant-water needs affect groundnut growth depending on the stage of crop growth and the degree 
or intensity of the drought stress. In order to develop management strategies to increase and 
stabilize groundnut yields in the SAT it is necessary to study the effect of drought stress at 
different phenological phases on growth, water relations, and yield. 
Total water use by groundnut is controlled by climatic, agronomic, and varietal factors. The 
role of some of these factors has been summarized with suitable examples. Drought stress effects 
at different phenological phases on the growth, water relations, and yield have been highlighted 
using the data collected in a series of experiments conducted over three postrainy seasons of 1980, 
1981, and 1982 on a medium deep Alfisol at ICRISAT center in India employing the line-source 
sprinkler irrigation technique. The implications of research on water relations in developing 
strategies for improved groundnut production are discussed. 
1. Principal Agrocl imatologist, Resource Management Program, I C R I S A T Sahelian Center, B.P. 12404, Niamey, Niger, and Associate
Professor, Andhra Pradesh Agricultural University, Hyderabad, India.
I C R I S A T (Internat ional Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, I C R I S A T Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: I C R I S A T .
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I n t r o d u c t i o n
At the end of an excellent compendium in Peanut
Science and Technology reviewing the future needs
of the groundnut industry, Pattee and Young (1982)
suggested that future research on water-management
technology should include basic studies of soil-
plant- water relations of groundnut. This is impor-
tant because groundnut has specific moisture needs
due to the unique feature of developing the pods
underground. The flower is borne above ground and
after it withers, the stalk elongates, bends down, and
forces the ovary underground. The seed matures
below the surface. Hence both the quanti ty and the
qual i ty of groundnut seed is intimately related to
conditions that favor the growth processes preceed-
ing and dur ing the development of the seed. Proper
funct ioning of these growth processes requires a 
favorable balance controlled by the relative rates of
soil-moisture uptake by the roots and the water loss
by transpirat ion. Water deficits that are a conse-
quence of the imbalance between water uptake and
transpirat ion, affect groundnut growth depending
on the stage of crop growth and the degree or inten-
sity of the drought stress. It is hence imperative that
studies on water relations of groundnut should
include considerations of soil-water availability, and
the influence of the adequacy or lack of soil water at
different growth phases on plant-water status, plant
growth, and yield.
S o i l - W a t e r A v a i l a b i l i t y
a n d W a t e r Use
Groundnut yields are reported to be variable f rom
year to year because of the large interannual varia-
t ion in rainfal l (Sindagi and Reddy 1972). Bhargava
et al. (1974) reported that 89% of the yield variat ion
over four regions in India could be attr ibuted to
rainfal l variabil i ty in the Aug-Dec growing period. It
is therefore not surprising that a large majority of the
agronomic investigations conducted on groundnut,
especially in the semi-arid regions, are concerned
wi th i rr igat ion aimed at stabilizing yields.
Depth of Water Extraction
One of the important considerations in the availabil-
i ty of soil water to groundnut plants is the root ing
depth under normal conditions to ful ly exploi t the
profi le water. A l though the root ing depth of the
groundnut plant is reported to extend up to 150 cm
(Metelerkamp 1975) and even up to 200 cm (Ham-
mond et al. 1978, Robertson et al. 1980), a majori ty
of the roots are in the surface-soil layers. Robertson
et al. (1980) reported 39% of the total root ing length
in the top 15 cm of soil and 55% in the top 30 cm.
Hammond et al. (1978) measured root densities of
1.5 cm cm-3 in the 0-30 cm soil layer while at greater
depths the root densities were only 0.1-0.4 cm cm - 3 .
When the water supply is adequate, as under i r r i -
gated condit ions, groundnut extracts up to 48% of
the water required f rom the upper 30 cm (Mantel l
and Gold in 1964). Shalhevet et al. (1976) f rom the
International Irr igat ion Centre using the data f rom
two locations in Israel showed an average removal of
36% in the 0-30 cm depth, but only 7% in the 120-150
cm region. Under a limited-water situation, more
water extraction occurred f rom the 90-150 cm soil
layer. Avasarmal et al. (1982) and Hammond and
Boote (1981) also concluded that max imum water
extraction occurs in the 30-45 cm soil layer. Stansell
et al. (1976) observed water extraction below 60-cm
depth only 75 days after sowing.
Total Water Use
The total water use by a groundnut crop is con-
trol led by climatic, agronomic, and varietal factors.
A summary of the reported water use of groundnut
is given in Table 1. The range of water-use values
given reflects the variable soil-climatic conditions
under which the crop is grown and the varieties used.
The total water use of groundnut could also be
altered by agronomic practices irrespective of the
rainfal l or number of irr igations. Fertil izer applica-
t ion has been reported to increase the water use
(Bhan 1973) and interactive effects of fertil izer and
irr igat ion have also been shown (Babu et al. 1984,
Narasimham et al. 1977). Row spacing was reported
to affect water use although there was no unanimity
on which spacing helps to increase water use. While
Bhan and Misra(1970) and Bhan (1973) showed that
groundnut grown in narrow rows of 30 cm used
more water, Choy et al. (1977) reported less water
use by the crop in 30-cm rows. Results of McCauley
et al . (1978) also agreed w i th those of Choy et al.
(1977). On the other hand, investigations of Reddy
et al. (1978) showed highest consumptive water use
wi th 45-cm row spacing in comparison to 30- or
60-cm rows. Row orientat ion (Choy et al. 1977,
Davidson et al. 1983, McCauley et al . 1978) in these
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Table 1. Summary of reported values of total water use (mm) of groundnut.
Reference
Ali et al. (1974)
Angus et al. (1983)
Charoy et al. (1974)
Cheema et al. (1974)
Kadam et al. (1978)
Kassam et al. (1975)
Reddy et al. (1980)
Reddy et al. (1978)
Reddy and Reddy (1977)
Panabokke(1959)
Keese et al. (1975)
Samples (1981)
Nageswara Rao et al. (1985)
Total water
use (mm)
530
250
510
337
597
342
438
560
417
505
404
500-700
450-600
807-831
Remarks
Irrigated at 60% water depletion
Rainfed
Rainfed
Rainfed
Irrigated at 40% water depletion
Rainfed
Rainfed
Irrigated, winter months
Rainfed
Irrigated at 25% water depletion
October-January
Irrigated at 50% water depletion
Irrigated at 50% water depletion
Irrigated 7-10 day
interval during winter months
spacing studies was reported to influence the water
use.
The crop water-use requirements reach the maxi-
mum about midway through the growth of the crop
when the canopy cover is complete (Davidson et al.
1973). Peak water-use values range f rom 5-7 mm-1
(Mante l l and Gold in 1964, Stansell et al. 1976, Ken-
ning et al. 1982). Soil-water availability exerts a 
control l ing influence on the peak water use as
reported by Vivekanandan and Gunasena (1976)
who measured peak values of 6.1, 4.8, and 3.8 mm-1
under high, intermediate, and low water potentials
respectively.
Soil-Water Availability and Total Water Use
as Influenced by the Stage at which Drought
Stress Occurs
Rainfal l in the semi-arid regions is erratic in dura-
t ion and distr ibut ion, which could lead to droughts
of varying intensities and durations during the crop
season. Hence, the total water use could vary w i th
the stage of crop growth during which these droughts
occur, and the water-use requirements of the crop at
these stages. Using the line-source sprinkler irr iga-
t ion technique (Hanks et al. 1976), we examined the
effects of wi thhold ing irrigations at different growth
stages on the growth, development, water relations,
and yield responses of groundnut cultivar Robut
33-1 grown during the postrainy season.
The crop growth phases studied were:
A. emergence to start of f lowering,
B. emergence to start of pegging,
C. start of flowering to start of seed growth,
D. start of seed growth to maturi ty, and
E. continuous stress f rom emergence to maturi ty.
Growth phases investigated during 1980/81 and
1981/82 included B to E, while in 1982/83 in place of
growth phase D, growth phase A was included to
gather additional data on the effects of wi thholding
irrigations during the early growth phases. Al though
data were collected at three different distances f rom
the line source, for the sake of simplicity in this paper
we present data collected at the 12-18 m distance
range f rom the line source, which only represents the
ful ly stressed situation dur ing the periods when line-
source irrigations were given.
Seasonal changes in the available soil water at
different soil depths in the 0-120 cm soil profi le in
different treatments during the 1982/83 growing
season are presented in Figure 1. The data show that
in growth phase A the soil-water extraction was
more or less confined to the top 60 cm of soi l . In
growth phase B, since the drought stress was imposed
t i l l the start of pegging, i.e., up to 55 days after emer-
gence (DAE) , soil-water extraction in the 0-30 cm
soil layer was higher than in growth phase A, and the
extraction occurred even in the lower layers. In
growth phase C (no irrigations f rom 30-90 D A E ) ,
soil-water extraction occurred at all depths, and at
soil depths 60-120 cm the extraction was signif i-
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canity higher than in the earlier two growth phases.
When the drought stress was imposed throughout
the growing season, water extraction in the 60-120 cm
soil depths was the highest of all the treatments.
The effect of drought stress imposed at different
growth phases on the total water use by groundnut
dur ing the three years is shown in Table 2. Tota l
water use dur ing the three seasons was different for
any given growth phase because of the differences in
the rainfal l dur ing the preceding rainy season (and
hence the init ial-profi le water content) dur ing the
three years and because of the differences in the
amount of water applied. However, when water use
in any given growth phase is considered as a propor-
t ion of the water use in the fu l ly irrigated control , the
differences between the three years are less significant.
Peg Penetration into Soil in Relation
to Soil-Water Availability
Soil-surface moisture content is considered crit ical
to peg entrance into the soil. Taylor and Rat l i f f
(1969) showed that as the soil dr ied, its mechanical
resistance increased. For f ru i t ing to occur the gyno-
phores must enter the soil. Hence the soil physical
condit ion is of importance since the gynophores are
Figure 1. Seasonal changes in avai lable soil water (mm) at different depths (cm) for groundnut subjected to
drought stress in different growth phases, I C R I S A T Center, 1 9 8 2 / 8 3 . ( G r o w t h phase A: emergence to start of
f lowering. B: emergence to start of pegging. C: start of f lowering to start of seed growth . E: emergence to
matur i ty . )
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Table 2. Total water use (mm) of groundnut cv Robut 33-1 when drought
during three growing seasons, I C R I S A T Center, 1980-83.
Growth phase 1980/811
A. Emergence to start of flowering — 
B. Emergence to start of pegging 614
C. Start of flowering to start of seed growth 483
D. Start of seed growth to maturity 529
E. Emergence to maturity 176
Contro l 807
1. 77 mm of rain received during the growing season.
stress was imposed at different growth phases
Total water use (mm)
1981/82
753
516
441
231
831
1982/83
611
494
401
169
687
able to exert a pressure equivalent to only 3-4 g cm - 2
on the soil (Underwood et al. 1971).
We measured the soil-penetration resistance (SPR)
in the surface 5-6 cm of soil during the 1982/83
growing season f rom the beginning of pegging to the
pod development period.
Seasonal variat ion in the SPR for the different
treatments (Fig. 2) shows that in growth phase C, the
SPR was higher than in growth phases A and B wi th
the highest SPR value of 9.9 kg cm"2 recorded at 86
D A E . In the continuous stress treatment these
values ranged f rom 8.2-10.3 kg c m 2 .
The implications of increased SPR for groundnut
are reduced peg penetration into the soil (Cox 1962,
Underwood et al. 1971, Boote et al. 1976) and
reduced peg development into pods (Ono et al.
1974).
In f luence o f S o i l - W a t e r A v a i l a b i l i t y
o n C r o p G r o w t h
Soil-water deficiency is known to inhibit leaf expan-
sion and stem elongation through lowered relative
turgidity (Slatyer 1955, Al len et al. 1976, Viveka-
nandan and Gunasena 1976). Leaf area index ( L A I )
of groundnut in different stress treatments during
the 1982/83 growing season is shown in Figure 3.
The recovery in leaf-area production when stress
was relieved at the start of pegging was remarkable.
However, this recovery was much less rapid in the
case where stress was imposed during flowering to
start of seed growth. The maintenance of leaf area up
to the time of maturi ty was also remarkable for
stress imposed in growth phase B as compared to the
ful ly irrigated control . Max imum L A I in the control
treatment was 4.4 while in the continuous-stress
treatment it was only 1.7. Vivekanandan and Gun-
asena (1976) also reported reduced L A I wi th reduced
soil-water potential, wi th maximum LAI of 6.25 at a 
soil-water potential of -0.033 MPa. A study of the
anatomy of groundnut leaves under stress ( I ly ina
1959) revealed that leaves formed under stress had
smaller cells than others.
Several studies reported reduction in the dry-
matter product ion due to drought stress (Fourrier
Growth phase A 
Growth phase B 
Growth phase C 
Growth phase E 
Figure 2. Seasonal changes in mean daily soil-
penetration resistance (kg c m 2 ) in drought-stress
treatments imposed at different growth phases,
I C R I S A T Center, 1982 /83 .
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Figure 3. Seasonal changes in the leaf area index of
groundnut subjected to drought stress in different
growth phases, I C R I S A T Center, 1982 /83 .
and Prevot 1958, Ochs and Wormer 1959, Su et al.
1964, Lenka and Misra 1973, Stansell et al. 1976,
Vivekanandan and Gunasena 1976, Pallas et al.
1979). Seasonal variat ion in the total dry-matter
product ion of groundnut in different stress treat-
ments dur ing the 1982/83 growing season is shown
in Figure 4. Al though drought stress in growth phase
B caused a decrease in dry-matter accumulation
compared to growth phase A, there was l i tt le differ-
ence in the total dry matter at the time of f inal
sampling between the two treatments, thereby empha-
sizing the rate of recovery f rom early drought stress
in growth phase B. In the treatment covering growth
phase C, the crop was irrigated f rom 90 D A E and the
recovery in the accumulation of dry matter did not
start unt i l 20 days later. As expected, continuous-
stress treatment d id not increase dry matter beyond
60 D A E .
Dry-matter part i t ioning at the time of maturi ty
expressed as a percentage among various plant parts
for stress treatments imposed at different growth
phases dur ing the 1982/83 growing season is shown
in Table 3. The recovery in dry-matter production
for the treatment which was under stress f rom emer-
gence to pegging (up to 50 D A E ) could be gauged
f rom the close correspondence of the different part i -
t ioning values between this treatment and the ful ly-
irrigated control treatment. The proport ion of dry
matter part i t ioned into pods is the highest for the
emergence-to-pegging phase treatment. This could
also be judged f rom the plot of the changes in the
pod growth (Fig. 5) which showed a linear growth
rate for this treatment. Boote et al. (1982) suggest
that an increased ratio of pods to vegetative growth
under small periodic water deficits may be a natural
and important mechanism of groundnut adaptation
to droughty conditions. The extended drought in
growth phase C, however, reduced the proport ion of
dry matter parti t ioned to the kernel in comparison
to the other treatments. Ong (1984) also showed that
mi ld drought stress promoted peg and pod produc-
t ion. Drought stress during pod format ion (growth
phase C) resulted in a slower rate of pod growth even
after the stress was released as Billaz and Ochs (1961)
also observed.
I n f luence o f S o i l - W a t e r A v a i l a b i l i t y
o n P l a n t - W a t e r Status
An understanding of the response of crop foliage to
changes in the amount and status of soil water in the
root zone is far f rom complete. Kramer (1963) con-
cluded that too much emphasis was placed on soil-
water status and too l i tt le on plant-water status. The
status of water in the plants represents an integration
Table 3. Dry-matter part i t ioning (%) at maturi ty among the various plant parts when drought stress was imposed at
different growth phases, I C R I S A T Center, 1982/83.
Plant component
Leaves
Stems
Flowers
Pegs
Pods
Kernels
A
23.5
26.6
0.1
5.2
27.3
17.3
Dry-matter distr ibution (%) for growth phases
B
24.9
21.9
0.1
3.4
32.1
17.6
C
20.2
18.8
0.1
12.6
37.4
15.8
E
29.8
59.0
0.8
0.9
6.8
2.7
Contro l
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22.0
88
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Figure 4. Seasonal changes in dry-matter produc-
t ion (g m - 2 ) for groundnut subjected to drought
stress in different growth phases, I C R I S A T Center,
1982 /83 .
of atmospheric demand, soil-water potential, root-
ing density, and distr ibut ion, as well as other plant
characteristics (Kramer 1969). Therefore to obtain a 
true measure of plant-water deficit, the measure-
ments should be made on the plant. Several plant
measurements could be used as indicators of drought
stress for groundnut. The most promising ones
reported to be useful under field conditions include
stomatal resistance (Pallas and Samish 1974, Pallas
et al. 1974, Bhagsari et al. 1976), leaf-water potential
(Bhagsari et al. 1976, Pallas et al. 1977, Pallas et al.
1979), and canopy temperature (Sanders et al. 1982).
Recent advances made in porometry instrumenta-
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Figure 5. Changes in pod growth (g m - 2 ) of ground-
nut subjected to drought stress in different growth
phases, I C R I S A T Center, 1982 /83 .
t ion now enable measurements of transpiration,
which is related to stomatal opening and closing
mechanisms under drought stress.
Stomatal Conductance
Under drought stress significant changes in stomatal
resistance of groundnut plants have been shown.
Bhagsari et al . (1976) showed that when relative
water content decreased below 80%, a groundnut
crop showed adaptation to drought stress by reduc-
ing the stomatal conductance. Diffusive resistance in
the stressed plants was 30-35 s cm while in the
watered plants it varied f rom 0.5-2.5 s cm -1. Reduced
photosynthesis due to drought stress in groundnut
was attributed to stomatal closure (Bhagsari et al.
1976).
We made diurnal measurements of stomatal con-
ductance and transpiration using a steady state
porometer at weekly intervals f rom 0900 to 1700 at
2-hour intervals each day throughout the crop-
growth period during the 1982/83 growing season.
Diurnal variat ion in the stomatal conductance of
groundnut that was subjected to drought stress at
different growth phases is shown in Figure 6. These
measurements were made at 75 D A E when stress
was relieved in growth phases A and B and growth
phase C was undergoing stress. Both t ime of the day
and drought stress influenced the observed stomatal
conductance values. The recovery f rom drought
stress imposed during growth phase B was reflected
well by the typical diurnal response exhibited by the
Growth phase A 
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Growth phase C 
Growth phase E 
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Figure 6. D i u r n a l variation in stomatal conductance
(cm s - 1) of groundnut subjected to drought stress in
different growth phases, I C R I S A T Center, 1982 /83 .
89
Days a f t e r emergence
groundnut plants to increasing irradiance levels dur-
ing the day and reduced stomatal conductance in the
late afternoon wi th reduced irradiance levels. Al len
et al . (1976) have also shown that even when the
stomatal conductance reached 0.1 cm s-1, a cloud
cover extending over a 1-hour period could improve
it to 0.5 cm s -1. Plants undergoing drought stress in
growth phase C and in the continuous drought stress
treatment closed their stomata by 1100 in response
to reduced soil-water availability.
To show the drought-stress modulated responses
of stomatal conductance to photosynthetic photon
f lux density (PPFD) we used the data collected in
the ful ly-irr igated control treatment and the contin-
uous-stress treatment. In the ful ly-irr igated control
treatment, stomatal conductance increased wi th
increasing P P F D (Fig. 7), a response typical of a 
crop under adequate water availabil ity. In the con-
tinuous drought stress treatment, changing radia-
t ion levels had l i t t le influence on the stomatal con-
ductance, thereby indicating the dependance of
stomatal activity on the soil-water availability.
Seasonal variat ion in the stomatal conductance of
groundnut w i th drought stress imposed at different
growth phases is shown in Figure 8. In growth phase
B, which was under drought stress up to about 51
D A E , the conductance was greatly reduced, but re-
covered steadily after water application, and reached
the levels of the ful ly-irr igated control . In growth
phase C the stomatal conductance reached a m in -
imum mean value of 0.07 cm s - 1 f r om 60-80 D A E . At
92 D A E when drought stress was relieved, the recov-
ery extended over a longer period. In the cont in-
uous-stress treatment the lowest mean value of 0.02
cm s -1 was recorded. Measurements made by Al len
et al. (1976) also showed that after 17 days of
drought the stomatal conductance reached a min-
imum value of 0.1 cm s -1 compared w i th 0.5 cm s -1 in
the irrigated plots.
Transpiration
Diurna l variat ion in groundnut transpiration is
shown in Figure 9. The adaptation of groundnut to
reduce transpiration under drought stress condi-
tions through stomatal closure is reflected in the
pattern of transpiration dur ing the day in growth
phase C and the continuous drought stress treatment.
Seasonal variat ion in transpiration (Fig. 10) also
showed a six-fold reduction in daily mean transpira-
t ion dur ing the period when groundnut underwent
drought stress. Whi le the ful ly-irr igated control
treatment recorded a daily mean transpiration of 10
g cm-2 s-1, it was 1.8 g cm-2 s-1 in groundnut
undergoing drought stress in growth phase C.
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Figure 7. Stomata l conductance ( c m s - 1) of groundnut as a funct ion of photosynthetic photon f lux density in
fully- irr igated ( left ) , and continuous-stress treatments, I C R I S A T Center, 1982 /83 .
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Figure 8. Seasonal changes in average daily stomatal conductance (cm s - 1) of groundnut subjected to drought
stress in different growth phases, I C R I S A T Center, 1982 /83 .
Canopy Temperature
Diurna l variat ion in canopy temperature of ground-
nut measured at 75 D A E in different drought stress
treatments is shown in Figure 11. As with stomatal
conductance and transpiration, canopy temperature
was influenced by t ime of the day and the stage at
which drought stress was imposed. Canopy temper-
ature of groundnut undergoing stress in growth
phase C peaked to 35° C at 1300, while in the
continuous-stress treatment the canopy reached a 
max imum temperature of 33° C by 1100 and main-
tained the same unt i l 1300. In growth phases A and B 
the canopy temperatures were low because the
drought stress was relieved in these treatments long
before 75 D A E . Sanders et al. (1982) also observed
that canopy temperatures increased wi th drought.
Af ternoon canopy temperatures under irrigated
conditions in their study were 28,5°C, while they
were 35° C in the other treatments where three com-
binations of drought and soil temperatures were
imposed.
Growth phase A 
Growth phase B 
Growth phase C 
Growth phase E 24
18
12
6
0
0900 1100 1300 1500 1700
I n d i a n s t a n d a r d t i m e ( h )
Figure 9. D i u r n a l variat ion in transpiration ( g cm -2
s - 1 ) of groundnut subjected to drought stress in d i f -
ferent growth phases, I C R I S A T Center, 1982 /83 .
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Figure 10. Seasonal changes in mean daily transpiration ( g cm -2 s -1) of groundnut subjected to drought stress
in different growth phases, I C R I S A T Center, 1982 /83 .
Seasonal var iat ion in the canopy-air temperature
differential ( C A T D ) are shown in Figure 12. In
growth phase B the C A T D reached a low value of
-2.9° C to 1.9° C dur ing the period of stress, but when
stress was released the C A T D values reflect the
transpirational cooling achieved through adequate
water availabil i ty. In growth phase C, the C A T D
values ranged f rom -3.7° C to 2.0° C during the
period of drought stress f rom 30-90 D A E . The sever-
i ty of drought stress in the continuous-stress treat-
ment is evident f rom the more or less positive C A T D
for most of the growing season.
Leaf-Water Potential
The water potential of plant tissue has become a 
standard means of expressing plant-water status.
Studies conducted so far on measurements of leaf-
water potential of groundnuts indicate that reduced
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Figure 1 1 . D i u r n a l var iat ion in canopy temperature
( °C ) of groundnut subjected to drought stress in
different growth phases, I C R I S A T Center, 1982 /83 .
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transpiration due to drought stress could lead to
leaf- water potentials of -3.0 to -4.5 MPa (Bhagsari
et al. 1976, Pallas et al. 1977, 1979), while in the
frequently irrigated plants water potentials stayed at
around -1.2 or -1.3 M P a (Al len et al. 1976, Pallas et
al. 1977, 1979). Patel et al (1983) showed that leaf-
water potentials decreased f rom -1.0 to -3.8 MPa
wi th a decrease in soil-water potential f rom -0.05 to
-2.0 MPa . Sarma (1984) recorded large differences
in leaf-water potentials of groundnut grown under
different ET levels. In the treatment that received no
supplemental water f rom emergence to maturity
where the seasonal evapotranspiration was only 47
mm, the leaf-water potential reached -6.3 MPa.
Gautreau (1977) used leaf-water potential mea-
surements to evaluate the drought tolerance of 21
groundnut cultivars in Senegal. Early cultivars which
avoid the end of wet-season drought by a short life
cycle had intermediate leaf-water potential; those
with the lowest potentials had the highest yield.
Bennett et al. (1981) reported that in field tests,
zero-turgor potential occurred at leaf-water poten-
t ial of -1.6 M P a and concluded that water relations
of groundnuts were similar to other crops wi th no
unique drought-resistance mechanism. Stansell et
al. (1976) however, noted that clouds can cause sig-
nificant changes in plant-water status of groundnut
in a short time. Therefore they cautioned that care
should be taken to sample different treatments
under comparable radiation.
In f luence o f S o i l - W a t e r A v a i l a b i l i t y
o n P o d Y i e l d
It is diff icult to f ind uni form conclusions f rom stu-
dies conducted so far on the influence of soil-water
availability on yield at different growth phases.
Since groundnut is often grown under contrasting
2
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Figure 12. Seasonal changes in mean daily canopy-air temperature differential of groundnut subjected to
drought stress in different growth phases, I C R I S A T Center, 1982 /83 .
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moisture regimes in a range of environments, mea-
sured yield responses are different. While some ear-
lier studies showed a marked trend for higher yields
at high moisture levels (Goldberg et al. 1967, Mat lock
et al . 1961, Su and Lu 1963), the more recent investi-
gations (Nageswara Rao et al. 1985) confirmed that
irrigations can be withheld during much of the
vegetative period without any apparent effect on
pod yield. As shown earlier, drought stress imposed
f rom emergence to start of peg ini t iat ion had not
affected the total dry matter produced and the rate
of pod growth. Various plant-water stress measure-
ments also showed impressive recovery f rom the
stress in this treatment.
Pod yields for different drought-stress treatments
dur ing the three growing seasons at I C R I S A T Cen-
ter (Table 4) show that in comparison to the ful ly
irrigated contro l , stress f rom emergence to pegging
gave 18, 12, and 34% increased yields. As Nageswara
Rao et al . (1985) surmised, this effect provides a 
significant managerial opt ion in that stress at this
stage can be allowed to maximize use of i rr igat ion
resources. Water savings that accrue f rom wi thhold-
ing irrigations dur ing this stage could be substantial
and could contribute to increased water-use effi-
ciency. It was proposed that in farming systems
where i r r igat ion could be used to init iate a crop of
groundnut w i th a long-season cult ivar in advance of
rains, it may be possible to exploit the benefits of
stress before the rains arrive.
When stress was imposed dur ing growth phase C,
the reduction in pod yields was 30% dur ing the first
season, 18% dur ing the second, and 25% dur ing the
th i rd season. Lower soil-moisture content in the top
soil might have contributed to considerable mechan-
ical resistance to peg penetration (Cox 1962, Under-
wood et al. 1971, Boote et al. 1976).
Reductions in pod yield due to stress were large in
growth phase D. The indeterminate nature of the
crop as well as the subterranean f ru i t ing habit
should be considered here. Since fru i t in i t iat ion con-
tinues after the start of kernel growth, soil-water
deficits dur ing pod f i l l ing stage reduce both the in i t i -
at ion and development of pods (Mat lock et al. 1961,
Boote et al. 1976, Pallas et al. 1979, Underwood et al.
1971, Ono et al. 1974). H igh soil temperatures (Ono
et al. 1974) might have affected the peg development
into pods, and growth of pods in the soil might have
been affected by inadequate moisture in the root
zone (Al len et al. 1976, Boote et al. 1976).
D e v e l o p i n g Strategies f o r I m p r o v e d
G r o u n d n u t P r o d u c t i o n : I m p l i c a t i o n s
o f Research o n W a t e r R e l a t i o n s
Several speakers in this symposium have already
emphasized the need to develop strategies that w i l l
make more efficient use of the l imited water avail-
able for groundnut production in the SAT. Research
on water relations that treats the soil, the plant, and
the atmosphere as a cont inuum emphasizes that
drought stresses affect crop growth and develop-
ment because of low water availabil i ty (or in other
words, low probabi l i ty of receiving rainfall) during
certain sensitive stages of the crop-growth cycle.
Historical rainfal l data should permit determination
of probabilit ies of drought stress periods for ground-
nut f rom a mean sowing date, which could be calcu-
lated f rom the beginning of rains. As an extension of
this approach, informat ion on soil water-holding
capacity and patterns of change in evapotranspira-
t ion wi th crop growth could be used in a simple
Table 4. Pod yields (kg ha -1) of groundnut cv Robut 33-1 when drought stress was imposed at different growth phases during
three growing seasons, I C R I S A T Center, 1980-83.
Growth phase
A. Emergence to start of f lowering
B. Emergence to start of pegging
C. Start of f lowering to start of seed growth
D. Start of seed growth to maturi ty
E. Emergence to maturi ty
Control
1980/811
5480
3257
1450
590
4615
Pod yields (kg ha-1)
1981/82
5300
3870
3610
75
4720
1982/83
2701
4396
2438
503
3258
1. 77 mm of rain received during the growing season.
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soil-moisture model wi th climatic data as input to
compute soil-moisture budget on a daily basis, and
to calculate frequencies of stress periods of various
lengths.
Knowledge of probable stress periods at a given
location could then be used to:
• Select appropriate varieties wi th a growing cycle
that would match the probable stress periods
wi th the dependable-rainfall periods.
• Adjust the sowing date to take advantage of the
dependable-rainfall periods. The choice of sow-
ing date adjustments in the SAT may be l imited,
especially in regions with low rainfal l . In view of
the capacity of groundnut to withstand stress
dur ing the early stages, maximum advantage
should be taken of the first rains. This may neces-
sitate the completion of primary tillage after the
harvest of the previous crop in order to make use
of the first rains for sowing.
• Maximize the water-use efficiency (WUE) under
irrigated conditions by establishing the ground-
nut crop wi th irr igation ahead of the probable
date of beginning of rains. This would take
advantage of the lower water needs during the
early growth phase, followed by more judicious
water use during the later stages when the water
requirements are maximum.
Available informat ion on groundnut rooting pat-
terns and water-extraction rates suggests that if
other conditions are equal, soils that hold more
water in the top 60 cm confer a comparative advan-
tage. Where groundnut is grown under irrigated
conditions this would mean more frequent but shal-
low irrigations. Under these conditions varieties that
have a greater proport ion of their root system in the
top 60 cm may exhibit higher water-use efficiency.
Also, research on agronomic practices that enable
plants to use more of the water available in the soil
for transpiration than evaporation should lead to
improvements in W U E .
Plant measurements of drought stress such as
stomatal conductance, transpiration, and canopy
temperatures should be useful to assess the relative
susceptibility of different varieties to drought stress
in a given growth phase. The data collected in the
studies described in this paper and elsewhere suggest
adaptation of groundnut to drought stress. A range
of adaptation mechanisms or crop acclimation to
stress has been suggested by Turner (1979). Incorpo-
rat ion of such drought-resistant characters into
groundnut may depend upon field evaluation of
these techniques over a large number of varieties.
However these techniques can only be l imited to
evaluation of advanced breeding lines in view of the
time it takes to make these measurements. Hence as
Turner (1982) suggests, there is a need to develop
suitable visual techniques such as leaf rol l ing, wi l t -
ing, or t ip burning for screening large populations.
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Responses of Groundnut Genotypes to D r o u g h t
J . H . W i l l i a m s , R . C . Nageswara R a o , R . M a t t h e w s , a n d D . H a r r i s 1
Abstract
Drought-stress effects on groundnuts depend primarily on the stress pattern because genotypic 
variation is usually of secondary significance. The differential responses of groundnut cultivars to 
drought are therefore assessed relative to the mean response of all genotypes to drought Since 
three major aspects of drought, (i.e., duration, intensity, and timing relative to crop phenophases) 
may vary independently, the main effects of these components on groundnut are described. 
The timing of drought has a large impact on the variation about the mean response. In general, 
the sensitivity of a genotype to drought increases with yield potential, increasing the closer the 
drought ends to final harvest. 
Genotypic variation in response to drought exists in the water-use ratio (WUR) of genotypes, 
with some being able to accumulate up to 30% more shoot dry matter than others with the same 
total transpiration. Variations also exist in the proportion of this dry matter that is used for pod 
growth.
Large variations in the response of genotypes to midseason droughts are due to recovery 
differences after the drought is relieved. The physiological reasons for recovery differences are 
under investigation. 
In addition, a three-factor interaction of genotype, gypsum, and drought exists because the 
gypsum may increase early pod development, thus providing escape effects. 
1. Principal Plant Physiologist and Plant Physiologist, Groundnut Improvement Program, I C R I S A T , Patancheru, A .P . 502 324, India; and
Plant Physiologists, Department of Physiology and Environmental Studies, School of Agriculture, University of Nott ingham, Sutton
Bonington, Loughborough LE12 5 R D , Nott ingham, UK.
I C R I S A T (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, I C R I S A T Sahelian Center, Niamey, Niger. Patancheru, A. P. 502 324, India: 1CRISAT.
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I n t r o d u c t i o n
Agricultural ly significant droughts usually occur
when normally expected rains fai l . This failure is
largely random. Other speakers wi l l discuss methods
of determining expected amounts of rain, the pro-
babilities of these amounts occurring, along wi th the
factors that determine how long this water is able to
support growth. Lack of rain may cause drought at
any or many stage(s) of development (t iming), may
vary the evapotranspirational demand relative to the
water shortage (intensity), and may also vary the
duration of drought experienced by the crop.
There is also substantial morphological variation
between groundnut genotypes. Plant types range
f rom prostrate runners to upright bunch types. The
valencias have only four branches, while the Virginia
type may have numerous branches. Individual lea-
flet area may vary 10-fold, while the time to maturity
may vary f rom 80-180 d. The size and nature of the
root system may also vary substantially (Ketr ing
1984). Previous research has major limitations within
this field since either only one genotype has been
utilized for comprehensive physiological studies
(Pallas et al. 1979, Nageswara Rao et al. 1985) or,
when several genotypes have been tested, the results
were not in sufficient depth to allow a comprehen-
sive understanding of the crop wi th in its environ-
ment. For this reason the bulk of the research results
presented are those obtained f rom our research at
I C R I S A T Center.
G e n e r a l Responses
Of the many investigations of groundnut responses
to drought, very few have been able to establish
generalized response patterns. The response may
vary wi th the t iming of the drought. However,
results have not been consistent because of differen-
ces in either genotypes or in growing conditions.
Billaz and Ochs (1961) found that midseason drought
decreased yields more than end-of-season drought,
while Pallas et al. (1979) and Nageswara Rao et al.
(1985) found that end-of-season drought yields were
lower. The latter authors also reported the possibil-
i ty of higher yields f rom stress during the preflower-
ing phase.
Since there are innumerable combinations of the
t iming, intensity, and durat ion of drought, and these
apparently elicit different responses f rom different
genotypes, generalizations are necessary to describe
both the droughts and the variations of genotypic
response. In our drought screening we have exam-
ined some 800 genotypes, exposing them to three
combinations of t iming and durat ion (patterns) of
drought, and to six or eight intensities of drought
wi th in each pattern. Our drought patterns have been
designed to simulate commonly occurring droughts
of the S A T (end-of-season, midseason, and long-
term drought). In these drought patterns the pod
yields generally decreased in a linear fashion as the
intensity of drought increased.
Since this method involved screening of genotypes
in only three selected ' typical ' droughts, a further
experiment examined the performance of a selected
number of genotypes across a wider range of droughts.
Twenty-two genotypes (of similar maturity) identi-
fied in the drought-screening process as either resis-
tant, average, or susceptible to drought were used.
The genotypes were then subjected to 12 different
drought patterns (Fig. 1), which varied both the
durat ion and the t iming of single and multiple
drought phases relative to phenological develop-
ment. By using the line-source (LS) technique (Hanks
et al. 1976), the drought intensity was varied pro-
gressively f rom a nonstressed control plot (nearest to
the sprinkler line) to a plot that received no water for
the durat ion of the drought. I r r igat ion was managed
so that the control plot did not show wi l t ing symp-
toms at midday.
When the drought intensity was expressed as the
irr igat ion deficit relative to the Class A pan evapora-
t ion dur ing the drought period, the nonstressed con-
t ro l treatments had deficits which ranged f rom 20-
40%. This deficit level, despite the nonstressed
condit ion maintained by irr igat ion, is due to incom-
plete canopy and to water-uti l ization pattern of the
plants f rom the soil profi le, which was ful ly charged
at the start of the stress periods. For comparison
1 0 0
D a y s a f t e r s o w i n g
5 0 % f l o w e r i n g
0 20 40 60 80 100 120
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P12 D D D
25
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36
53
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100
57
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W = Un i f o rm i r r i g a t i o n
D = L i n e - s o u r c e i r r i g a t i o n
Drought p e r i o d
S i n g l e u n i f o r m i r r i g a t i o n
Figure 1. T iming and duration of single and multiple droughts.
purposes, yield potential achieved in nonstress con-
t ro l plots are estimated at 30% water deficit (Y30).
The pod yield decreased in most patterns in a linear
fashion f rom yields in nonstressed conditions. Sensi-
t iv i ty to drought has been estimated using linear
regression as the average yield loss per unit of water
deficit ( "b " slope or term of the regression).Only in
the very long-term stresses was there a curvilinear
response of pod yield to increasing drought intensity
(Fig. 2).
When analyzing the mean response of these fasti-
giata genotypes, we found that depending on whether
or not the early phase in crops' life (unti l shortly after
the first flowers had been produced) had been
stressed, the response to any subsequent droughts
was modified (Fig. 3). Besides this, the t iming of the
drought had l i t t le effect on the mean response of all
the genotypes to drought. Ninety percent of the yield
variations were accounted for by the intensity (I) of
drought, and the cumulative duration of stress(es)
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(0-70%)
:Y = 693
(+27 .7 )
- 7 . 9 5 x % var=95
(+0 .49
B
(80-100%)
:Y=97
(+4 .72 )
- 0 . 9 5 x % var=23
(+0 .52 )
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Water d e f i c i t (%)
Figure 2. The effect of drought intensity on pod
yields in a long-duration drought (P7 ) .
(D) . Depending on whether or not the early phase
was stressed, the predicted yield (Y) was indicated by
one of the fol lowing two equations:
Equation 1 (early stress)
Y = 306 + 1.52 I • 3.087 D - 0.085 I x D.
SE: (±29.4) (±0.433) (±0.476) (±0.0069)
Variance accounted for = 87%
Equation 2 (no early stress)
Y = 370 + 1.331 + 3.676 D - 0.0761 x D 
SE: (±23.6) (±0.33) (±0.625) (±0.008)
Variance accounted for = 93%
G e n o t y p e Y i e l d Responses
To examine the relative performances of these geno-
types in all these drought combinations is a formid-
able task. To simplify the process, the yields f rom
nonstressed conditions and the relative yields when
the irr igation deficit was 70% (Y70) are discussed.
(Relative yield is based on the regression-estimated
yield in these conditions converted to a percentage of
0
-2
-4
-6
-8
0 20 40 60 80 100 120
E f f e c t i v e d u r a t i o n o f s t ress (days)
Figure 3. Effect of irr igation or drought during the
preflowering stage on the sensitivity of groundnuts
(mean of 22 cultivars) to droughts of different
durations.
W: Y= -1 .63 - 0.07 x 
(+0.76) (+0.01)
D: Y= 2.94 - 0 .11 x 
(+0.9) (+0.01)
the mean yield, which is also provided). In the
droughts, the mean Y70 varied significantly between
the patterns of drought, which is why relative yields
(Tables 1 and 2) allow an easier evaluation of varie-
tal performance across drought patterns.
It is apparent that the lines tested could be classi-
fied into three groups: those with below-average
yields in all types of drought, those either resistant or
sensitive to specific drought patterns, or those resist-
ant to all droughts.
However, it is not useful to compare the relative
performance of genotypes at a 70% irr igat ion deficit
and examine drought responses without considering
yield in nonstressed conditions (Y30). A genotype
may perform poorly in both a drought and a non-
stressed condit ion. For instance, yield of genotype
JL 24 was 18% below average at 30% deficit and at
70% deficit in five other patterns. The Senegalese
genotype EC 109271 (55-437) yielded 10.7% above
average in nonstressed conditions, only 2% above
average in pattern 1, but 25% above average in patt-
ern 2, 20% in pattern 3, and 87% in pattern 4.
T M V 2, that yielded 12.7% above average in non-
stressed conditions, was 20% above average in
drought pattern 1, 10% above average in drought
pattern 2, and 3% above average in drought pattern
3.
Another feature of these results was that the geno-
types wi th high yields in the nonstressed conditions
were sensitive to many of the drought patterns. This
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Table 1. Changes in pod yields (as a percentage of the mean of 22 genotypes) in nonstressed conditions (30% water deficit)
and stressed conditions (70% water deficit) in different drought patterns.
Cult ivar
CGC 4063
J 11 x Robut 33-l
ICGS 24
ICGS 36
ICGS 11
ICGS 35
ICGS 21
X41 x 1 B x Goldin 1 
Manfredi x X 14-4 B 19 B 
T M V 2 
Faizapur 1-5-2
J l l
NC Ac 17090
NC Ac 17142
Gangapuri
EC 76444
EC 109271(55-437)
EC 21024
Manfredi 107
Krapovicas Str 16
NC Ac 16129
J L 24
Mean Pod wt (g m -2)
Relative
mean pod
yield
at 30%
deficit
-9.0
8.5
11.2
-10.0
4.2
-4.9
-4.5
11.9
-1.6
13.6
-21.9
-6.4
8.2
9.2
24.1
-0.3
10.7
13.3
12.4
-11.8
12.7
-18.3
403.8
P1
-18,4
15.8
3.3
-5.0
-3.9
-33.3
10.7
10.3
3.5
7.6
-7.3
-4.7
5.9
7.9
20.4
-0.5
2.3
4.9
-10.8
0.2
19.8
-28.9
367.8
Relative mean pod yields at 70%
deficit in drought patterns P1 to P6
P2
-4.1
4.1
8.6
-14.0
-0.7
-3.2
-11.1
7.2
3.5
14.7
-33.8
-14.0
7.3
1.6
25.7
-9.6
24.7
-2.2
5.8
-1.2
10.3
-19.7
320.1
P3
-13.4
1.8
7.9
-4.1
-8.8
-6.6
1.4
5.0
1.3
25.3
-10.7
-9.8
8.7
15.3
19.0
1.1
19.8
-8.8
-18.1
0.7
3.3
-30.3
189.1
P4
-15.2
8.7
5.9
-0.6
-5.4
-21.3
-18.6
4.1
-10.3
12.9
-4.3
-4.8
-1.4
0.7
9.5
-2.4
87.5
-6.6
-18.5
-4.5
16.7
-31.9
195.7
P5
-12.1
14.6
5.3
-6.6
-11.1
12.1
-7.3
10.1
-8.4
16.4
-19.3
-7.7
4.7
15.4
21.4
14.0
17.9
22.6
-9.8
11.6
9.6
-25.0
242.9
P6
5.5
21.5
-1.2
-11.0
17.7
-1.3
3.9
1.5
11.1
12.4
-11.3
-9.5
2.2
7.3
24.2
-16.4
-4.6
-16.2
-26.5
5.9
5.0
-19.9
175.8
prompted us to examine the genotypes for a rela-
tionship between yield in nonstressed conditions and
drought sensitivity. For some drought patterns the
nonstressed yield was very closely related to drought
sensitivity, while in others these two components
were not closely related. When the interval between
the release of drought and f inal harvest was large
(i.e., early droughts), yield sensitivity generally was
not well correlated to yield potential, but when stress
occurred during the grain-f i l l ing phase, the correla-
t ion was good. The association between the time
when drought ended and the correlation coefficient
between genotype sensitivity to drought and yield
potential is presented in Figure 4.
Physio logica l Di f ferences between
Genotypes
In addit ion to these agronomic studies, a more
detailed examination was made of the basic physio-
Y = - 0 . 2 2 + 0.008 X 
( ±0 . 2 0 ) ( ±0 . 0 0 1 )
1.0
0 .8
0 .6
0 .4
0 .2
0
60 70 80 90 100 110 120 130
Time o f d r o u g h t t e r m i n a t i o n (days )
Figure 4. Effect of when drought ends on the amount
of var iat ion in drought sensitivity that is accounted
for by the yield potential of genotypes. The Y axis is
the regression coefficient for the relationship between
sensitivity to drought and yield potential .
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logical responses of four contrasting genotypes in a 
l imited range of drought conditions. This was a jo in t
research project w i th the University of Nott ingham,
funded by the Brit ish Overseas Development Admin-
istration ( O D A ) and ICRISAT .
By comprehensive measurement of the crop envi-
ronment, the sources of yield variat ion between gen-
otypes were examined in detail. Water-extraction
patterns and total water use, radiation-interception
patterns, and the growth and reproductive responses
to the imposed droughts have been described (D .
Harris, and R. Matthews, University of Nott ingham,
personal communication, 1985).
A l though there was evidence for root ing varia-
tions in these four genotypes in an Al f iso l , the total
water transpired did not differ (Table 3). However,
there were differences in the efficiency of water use
f rom different soil horizons. NC Ac 17090 was able
to use water in the surface horizons faster than the
other cultivars, suggesting an advantage for this
genotype when rainfal l is l ikely to be confined to
small showers that only wet the upper horizons.
Robut 33-1 extracted water earlier f rom deeper
horizons (Fig. 5), an abil ity which might be impor-
tant where the soil depth does not l imi t root growth
and the amount of available water.
The amount of dry matter accumulated by a crop
is closely related to the amount of water transpired
(WUR) . For groundnuts, 1.7-1.9 g of shoot material
are accumulated per kg of water transpired (Kassam
et al. 1975, Nageswara Rao et al. 1985). However,
the W U R of these genotypes varied significantly,
wi th the drought-susceptible line EC 76446(292)
accumulating 30% less shoot dry matter than the
other genotypes, although the same amount of water
was used. These differences in water-use efficiency
(WUE) were associated with other responses to
water-status, including effective-radiation load shed-
ding by leaf folding during severe stress.
However, the largest differences between these
genotypes were the effects of drought on their repro-
ductive growth. T M V 2, that produced the highest
Table 2. Changes in pod yields (as a percentage of the mean of 22 genotypes) in nonstressed conditions (30% water deficit)
and stressed conditions (70% water deficit) in different drought patterns.
Cult ivar
CGC 4063
J 11 x Robut 33-l
ICGS 24
ICGS 36
ICGS 11
ICGS 35
ICGS 21
X41 x lB x Goldin l 
Manfredi x X 14-4 B 19 B 
T M V 2 
Faizapur 1-5-2
J 11
NC Ac 17090
N C Ac 17142
Gangapuri
EC 76444
EC 109271(55-437)
EC 21024
Manfredi l07
Krapovicas Str 16
N C Ac 16129
J L 24
Mean Pod wt (g m - 2)
Relative
mean pod
yield
at 30%
deficit
-9.0
8.5
11.2
-10.0
4.2
-4.9
-4.5
11.9
-1.6
13.6
-21.9
-6.4
8.2
9.2
24.1
-0.3
10.7
13.3
12.4
-11.8
12.7
-18.3
403.8
P7
-9.7
-4.4
-6.5
1.4
24.9
-20.6
-11.3
0.9
3.4
-1.1
21.0
2.4
0.1
-2.6
24.9
10.5
11.7
8.0
-16.6
5.7
0.1
-26.1
120.6
Relative mean pod yields at 70%
deficit in drought patterns P7 to P12
P8
-10.1
-3.5
12.0
-8.0
12.7
-2.3
-17.4
17.8
0.0
-23.2
24.7
-21.4
3.3
16.9
38.2
-10.4
8.5
-7.2
-6.5
-5.8
26.1
-19.1
203.5
P9
-12.2
12.1
2.5
-11.4
10.3
-10.7
5.1
15.3
3.4
-9.6
27.2
-2.1
4.2
2.7
30.5
-11.1
4.2
-15.5
-25.9
-15.3
14.0
-17.6
209.3
P10
-4.7
24.8
19.1
-21.1
-0.6
-6.9
-0.2
6.5
3.4
-38.7
0.7
-15.5
10.6
2.1
31.3
-6.4
16.0
3.0
-16.3
-7.5
14.3
-12.3
213.9
P11
-19.0
14.1
7.2
-8.2
-7.9
-0.9
-15.8
8.4
-6.2
-9.7
23.3
-8.6
-5.0
12.8
20.2
1.1
12.6
-6.8
-0.0
-5.3
11.7
-19.6
199.2
P12
-11.8
17.8
13.1
0.2
-0.1
-15.4
-1.4
15.5
9.1
-9.2
15.4
-1.7
0.5
10.6
16.6
-0.0
1.4
-15.5
-24.6
-2.6
24.5
-23.8
161.9
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Figure 5. Water-extract ion depth changes over t ime
of four genotypes subjected to drought.
pod yield in the drought, had a harvest index 84%
greater than that of EC 76446(292), the most-
susceptible genotype (Table 3).
The reasons for differences in the drought sensitiv-
ity of reproductive growth are yet to be established,
but it is apparent that superior yields under drought
conditions may be based on two separate mecha-
nisms: resistance and recovery. The init iat ion of
pods by these four genotypes during a drying cycle
and fol lowing the release of stress is presented in
Figure 6. T M V 2 apparently achieved higher yield by
producing pods despite the drought, while Robut
33-1 demonstrated a superior recovery response to
the release of stress. The relative advantages of these
two strategies wi l l depend on the growth durat ion
possible fol lowing the stress release.
The basis for these different responses of the
reproductive ini t iat ion processes to drought is not
ful ly understood, but very subtle differences in
Table 3. Contr ibut ion of total water used, water-use rat io,
and harvest index to cultivar yield differences, using EC
76446(292) as a reference, under water-deficit conditions,
I C R I S A T Center, 1983.
Cultivar
T M V 2 
Robut 33-1
NC Ac 17090
EC 76446(292)
Total water
use (%)
98
101
101
100
Water-use Harvest
ratio (%) index (%)
111 181
125 156
118 125
100 100
drought t iming in relation to phonological develop-
ment may result in substantial yield differences. The
importance of small differences in pod ini t iat ion is
best demonstrated by the interaction of drought
wi th gypsum applied at flowering.
Gypsum applied at flowering increased the yield
of genotypes subsequently subjected to drought, but
there was no obvious response if there was no
drought since the soils at I C R I S A T Center have
adequate available amounts of Ca (±600 ppm)
(Rajendrudu and Wil l iams, 1986a). In well-watered
conditions the application of gypsum produced
small (not statistically significant) but consistent
(across three genotypes) increases in pods initiated
wi th in the first 2 weeks of pod setting. In a drought
treatment the same gypsum application significantly
increased pod init iat ion (Fig. 7) which generally
increased yields unt i l the drought stress was relieved
by irr igat ion, (Rajendrudu and Will iams, 1986b).
Conclusions
The responses of groundnut genotypes to drought
have been shown to be influenced by the t iming of
drought relative to phenological development and
by the yield potential in nonstressed conditions. The
major sources of variation observed between geno-
types have been associated wi th the reproductive
physiology; where the abil ity to initiate f ru i t despite
drought, or to recover rapidly after drought pro-
vides opportunities for the genotypes to better adapt
to long-term drought probabilities. Genotypic varia-
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TMV 2 
NC Ac 17090
EC 76446 (292)
I r r i g a t e d ISE
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Days a f t e r sowing
Figure 6. Number of pods developed over t ime by
four groundnut genotypes during drought stress and
after i rr igat ion, I C R I S A T Center, postrainy season
1982 /83 .
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Figure 7. Changes wi th t ime in the percentage of subterranean pegs developed into pods for groundnut
cultivars grown in wet ( T 1 ) and dry ( T 4 ) conditions after gypsum applications at early f lowering, I C R I S A T
Center, postrainy season 1981 /82 . (Source: Rajendrudu and Wil l iams 1986b.).
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J 1 1
tions in the profile-water use patterns and in W U E
were observed. There is scope for effective use of this
informat ion in crop improvement to select geno-
types better adapted to different agroclimatological
conditions.
References
Billaz, R., and Ochs, R. 1961. [Stages of susceptibility of
groundnuts to drought.] Stades de sensibilite de l'arachide
a la secheresse. ( In Fr.) Oleagineux 16:605-611.
Hanks, R.J., Keller, J . , Rasmussen, V.P. , and Wilson,
G.D. 1976. Line source sprinkler for continuous variable irriga-
tion-crop production studies. Soi l Science Society of
America Proceedings 40:426-429.
Kassam, A . H . , Kowal, J .M . , and Harkness, C. 1975. Water
use and groundnut at Sarnaru, northern Nigeria. Tropical
Agriculture (Gui l ford) 52:105-12
Ketring, D.L. 1984. Root diversity among peanut geno-
types. Crop Science 24:229-232.
Nageswara Rao, R.C., Sardar Singh, Sivakumar, M.V.K.,
Srivastava, K.L., and Williams, J .H. 1985. Effect of water
deficit at different growth phases of peanut. I. Yield
responses. Agronomy Journal 77:782-786.
Pallas, J.E., Jr., Stansell, J.R., and Koske, T.J. 1979.
Effects of drought on Florunner peanuts. Agronomy Jour-
nal 71:853-858.
Rajendrudu, G., and Williams, J .H. 1986a. Effect of gyp-
sum and drought on crop yield in early maturing ground-
nuts (Arachis hypogaea L.). Experimental Agriculture ( in
press).
Rajendrudu, G., and Williams, J .H. 1986b. Effect of gyp-
sum and water supply on three genotypes of groundnut
(Arachis hypogaea L.) I. Pod ini t iat ion and development
pattern. Experimental Agriculture ( in press).
106
Water Relations of Groundnut
Discussion
D. Harris:
Do variations in harvest index between years and
between sites f i t well into your simulation model?
C. Dancette:
We worked to a l imited extent on this subject and we
were interested in pod yields only in the first stage.
The dry-matter yield is also important f rom the phy-
siological point of view. The pod and dry-matter
yields were not well correlated. In future we wil l be
much interested in the relationship between pod
yield and total dry matter. Personally I think that the
index of satisfaction of water requirements in the
vegetative stages permits us to explain correctly and
predict the dry-matter production between years
and between sites.
M. Bernardi:
Given the rainfal l regimes in the last few years which
were very dry just after a series of good-rainfall
years, what is the risk of uti l izing short-duration
varieties?
C. Dancette:
We showed that the water requirements of late varie-
ties sown early were satisfied at an intermediate
level. We have also shown that if we have irr igation
facilities we can precisely define a sowing date, eg.,
10 July at Bambey, Senegal. By the analysis of water
balance over a 40-year period, we could achieve a 
higher water-use efficiency.
J. H. Williams:
You showed that varieties had different patterns of
developing crop water-use coefficients. This pre-
sumably reflects differences in leaf-area develop-
ment by those varieties. Would you consider the
same agronomic practices of spacing to be suitable
for these varieties?
C. Dancette:
Considering the results f rom our recent experi-
ments, we feel that the crop geometry or density does
not have a large influence on the resistance to
drought. They show significant results only for the
short-duration varieties that grow rapidly. In this
case we can choose an opt imum date of sowing in
order to avoid the short rainless or drought periods,
e.g., at Bambey, Senegal, between 5 and 15 July, but
not earlier.
D. Smith:
If groundnut production were decreased in northern
Senegal (Louga) and increased in southern Senegal
(Casamance), would the average yield of groundnuts
per hectare decrease or increase? I realize that this is
a hypothetical question that requires a speculative
answer.
C. Dancette:
It is always the yields per hectare that decrease in
north and in central Senegal. In the South the cult i-
vated area under groundnut has not increased. On
the other hand in north and central Senegal, the
farmers were discouraged by the droughts and the
area under cultivation has certainly decreased along
with the yields.
S. M. Virmani:
I think Mr . Dancette has made an excellent presen-
tat ion of the relationship between climate or rainfal l ,
evapotranspiration, and soils information through
water-balance studies. He has integrated it wi th the
risks to dependable crop production for crops of
varying growth periods. Dr . Swindale made a point
yesterday that we should start integrating the crop-
production systems with the climatic environment as
it exists. I suggest that Mr . Dancette, ICR ISAT , and
other agencies in Niamey should try to screen the
groundnut-growing regions in West Afr ica using his
model and the available rainfal l data to look at the
suitabil i ty of cultivars of varying lengths to different
regions. It would be useful for breeders to know
appropriate maturity duration suitable in different
regions.
M. Frere:
For the crop coefficients, Mr . Dancette has pro-
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posed the possibilities of standardizing or averaging
crop coefficients for a given crop in different loca-
tions. I th ink that as far as we consider two or several
varieties w i th a similar growing cycle, it is reasonable
to use the same crop coefficients. But of course if you
work on the one hand in a dry area like Louga in
nor th Senegal, and on the other in Ziguinchor in the
humid part of Senegal, you wi l l certainly use varie-
ties wi th different growth periods. One may be 90
days, the other 130 days. In this case you need to use
different sets of crop coefficients.
As far as the relationship between the satisfaction
of water requirements of the crop and the yield is
concerned, I th ink that the reaction of different var-
ieties to drought stress w i l l be about the same as a 
trend. The final yields of the two varieties, however,
w i l l be l inked to the genotypic characteristics.
Tomorrow I intend to show some work of F A O
concerning this aspect.
P. Sankara:
a. In your experiments you have worked on sandy
soils using erect varieties. I would like to know the
criteria fo r the choice of varieties and whether it is
possible to obtain the same results wi th nonerect
varieties.
b. In relat ion to sandy soils, can one get other coeffi-
cients suitable for other soils?
C. Dancette:
a. I never measured the water needs of erect or
spreading varieties.
b. Generally, when work ing under a favorable
water-availabil ity situation, i.e., by irr igating fre-
quently, one can avoid differences due to soil type.
R. W. Gibbons:
a. D i d you protect your trials wi th fungicides, as
there is evidence that they prolong the life cycles of
groundnut cultivars ? 
b. D i d you vary the plant spacings of your early-
matur ing cultivars? Many of the old recommenda-
tions fo r early-maturing cultivars are based on trials
where moisture was not l imit ing. Now early-maturing
cultivars are grown in areas where rainfal l has
declined. We may have to modi fy tradit ional recom-
mendations in the l ight of the present conditions to
exploit available moisture.
C. Dancette:
a. We d id not use any fungicides in our trials as there
was no need for them. Hence I cannot answer your
question on the prolongation of the life cycle.
b. In our studies we did not vary the plant spacing or
the crop geometry. We used the recommended spac-
ings. It is true that these spacings were adopted
during the wet years (1951-60). It was found recently
that we do not practically change the total water use
by changing the spacing since there is a large com-
pensation. In practice in Senegal, we have always
used the recommended densities, i.e., higher densi-
ties (45 x 15 cm) for early varieties and lower densi-
ties (60 x 15 cm) for late varieties. In the dry zones,
even for early varieties we use lower densities (60 x 15
cm). Our recent results in the dry zones showed that
the high densities have not given significantly in-
creased yields over the low densities.
N. R. Yao:
a. You reported that the neutron probe technique
was used to determine soil-water content in your
study. The problem is that you had to determine
water content in the topsoil where we know that the
neutron probe method is not accurate. I want to
know why you did not use other techniques?
b. This question goes to Mr . Dancette too. You
reported yield reductions associated with water-
deficit intensities. Mr . Dancette even showed a 
reduction in pod yield while the vegetative growth
was not much different. This means that the harvest
index was reduced. I want to know if these yield
reductions were due to a reduction in pod numbers
or to a decrease in dry weight per pod?
M. V. K. Sivakumar:
a. I should have mentioned that the neutron probe
measurements started f rom 30 cm downwards and
the volumetric water contents presented for the top
30-cm soil were f rom gravimetric measurements.
b. In our study wi th the line-source sprinkler irr iga-
t ion , we observed that not only the total number of
pods but also the size and weight of pods was
reduced wi th distance f rom the sprinkler l ine, or in
other words, wi th increasing drought stress.
A. Ndiaye:
a. Can you explain the methodology for testing yield
variations at different distances f rom the line source?
b. For obtaining maximum yields, how often do you
have to irrigate?
M. V. K. Sivakumar:
a. The data presented came f rom different distances
f rom the line source. The harvest was done f rom
each bed, or every 1.5 m beginning f rom the line
source up to a distance of 18 m f rom the line source.
108
Since the yields showed no significant differences
between each bed or each 1.5-m harvests, we pooled
the data over 4 beds or over a distance of 6 m. The
yields were then significantly different for the three
subtreatments. The number of pods as well as the
kernel weights were different for the three subtreat-
ments.
b. Dr . Wil l iams would also probably emphasize the
same point in his presentation. Max imum water
application is not required to obtain maximum
yields of groundnut. We have shown a yield advan-
tage wi th a mi ld drought stress dur ing the early
vegetative period. This indicates that you need not
apply water at regular intervals throughout the
season.
M. Frere:
I wish to congratulate Dr . Sivakumar for his excel-
lent presentation. I was in particular interested in the
differences in the surface temperature of the crop in
relation to water availability. W i th the technical
capabilities that you have at I C R I S A T Center, did
you also consider monitor ing the fu l l energy balance
of the crop?
M. V. K. Sivakumar:
We did not monitor the fu l l energy balance of the
crop. Since the subject of my presentation is res-
tricted to water relations, 1 did not elaborate. We did
measure net radiation and albedo in the ful ly-
irrigated control and the fully-stressed crop. I would
agree wi th you that the energy-balance measure-
ments would have been interesting since the crop
cover varied a lot w i th distance f rom the line source.
However energy-balance studies need fairly large
fields and this is not possible wi th in the scope of
line-source experiments.
B. Zeller:
Now that data on all the factors control l ing water
use such as stomatal resistance, leaf-water potential,
etc., are available under different experimental con-
dit ions, could you propose a model that is suffi-
ciently explanatory and could have a good predic-
tive value of the crop behavior under water stress?
M. V. K. Sivakumar:
I th ink we have some measurements that would
enable us to do that. But as Dr . Boote wi l l probably
show us on Friday, a fu l ly functional model using
the measurements that we made is not possible. As
you know, we only made a few measurements and
our interest was to use these measurements as an
index of drought stress at different levels of water
availabil i ty and at different intensities of drought
stress. For a ful ly functional model you need to
carefully consider all the parameters. We did have
soil-water measurements, we did have estimates of
stomatal conductance; but these would not be suffi-
cient to construct a ful ly functional model.
C. Dancette:
The line-source irr igation technique performs well
and allows to draw excellent response curves to
water application. I would like to know if you are
not obliged to carry out irrigations during the dry
season in order to avoid excessive water supply. If
yes, could you transpose what you have obtained
during the dry season to the rainy-season condi-
tions? Another method wi l l be to have automatic
rain-out shelters.
M. V. K. Sivakumar:
a. The study we reported was carried out during the
postrainy season, i.e., f rom October/November to
March /Ap r i l . Your comment regarding the applic-
abil i ty of results f rom postrainy season to rainy sea-
son is val id. We also had the same question. So in
1983 dur ing the rainy season, we imposed drought
stress on the groundnut crop f rom emergence to
start of pegging by covering the soil surface wi th a 
black polyethylene f i lm. By doing this we were able
to prevent any rainfal l entering the soil in that
period. At the start of pegging, we removed the black
polyethylene f i lm. By adopting this technique we
were able to prevent about 233 mm out of 656 mm of
total rainfal l for the season f rom entering the soil
and thereby were able to impose the desired water
deficit. Here also we obtained a yield advantage as in
the postrainy season. So we were able to reproduce
the results observed in the previous postrainy season.
b. At I C R I S A T Center there w i l l be two rain-out
shelters available to conduct drought-stress studies
in the rainy season. I agree w i th you that it is pert i-
nent to conduct such studies in the rainy season
because that is more real for the farmers' situation.
However studies conducted during the postrainy
season are indicative of what could happen and it
also enables you to get a level of control on the water
application that is otherwise not possible during the
rainy season.
M. Konate:
a. What is the possibility of relating water availabil-
i ty directly to yields?
b. Can we predict yields ahead of harvest?
109
M . V . K . Sivakumar:
a. I t i s possib le to get some est imate o f h o w wa te r
a v a i l a b i l i t y w o u l d af fect y i e l d . A s D r . K a n e m a s u
s h o w e d in h is p resen ta t i on , a p l o t o f the y ie ld over
m a x i m u m y i e l d i n r e l a t i o n t o E t over E T m a x c o u l d
g ive y o u a n idea o f the re la t i ve i m p o r t a n c e o f t he
r e d u c t i o n i n e v a p o t r a n s p i r a t i o n i n r e l a t i o n t o the
r e d u c t i o n i n y i e l d . I n o u r s tudy , w e have d o n e th is
b u t the r e l a t i o n s h i p has n o t been presented i n t he
paper .
b . I t s h o u l d be poss ib le to i n teg ra te the s imp le re la -
t i o n s h i p descr ibed above w i t h r a i n f a l l p robab i l i t i es
t o enab le y o u t o p red i c t y i e l d a m o n t h be fo re h a r v -
est. W h a t y o u m a y have t o do i s t o in tegra te the
r a i n f a l l p robab i l i t i e s a n d c o m p u t e these r e l a t i o n -
ships a t v a r y i n g p r o b a b i l i t y levels.
J . L . Khal faoui :
C o u l d y o u please e x p l a i n the m e t h o d y o u have used
t o measure the d e p t h o f w a t e r e x t r a c t i o n b y the r o o t
system?
J . H . Wi l l iams:
W e have used the n e u t r o n p r o b e m e t h o d . T h e m e a -
surements were made at regu la r in te rva ls over sev-
e ra l dep ths in the so i l . I do n o t cons ider th is m e t h o d
v iab le over a large b reed ing p r o g r a m .
N . M o r r e l :
T h i s concerns the e x p l a n a t i o n o f the benef ic ia l
effects o f g y p s u m a p p l i c a t i o n . I s i t due t o increased
so i l p e r m e a b i l i t y , bet ter i n f i l t r a t i o n o f wa te r , o r
s u p p l y o f c a l c i u m o r s u l p h u r t o the c rop? I s i t due t o
a s imp le or a c u m u l a t i v e effect of a l l of these?
J . H . Wi l l iams:
I am n o t ab le to separate o u t the effects. Based on the
k n o w l e d g e o f p h y s i o l o g y , we can guess t h a t i t i s the
c a l c i u m t h a t exp la ins the benef ic ia l effects o f g y p -
s u m a p p l i c a t i o n . B u t i t i s q u i t e h a r d t o supp l y these
nu t r i en t s w i t h o u t c h a n g i n g o the r th ings . T h i s s tudy
shows t h a t there are o the r fac to rs t h a t c a n m o d i f y
responses subs tan t ia l l y . We need a g o o d know ledge
o f soi ls a n d o the r deta i ls .
A . P . Ouedrago:
I d i d n o t comp le te l y unde rs tand the effects due to
g y p s u m . I w o u l d l i ke to f i nd o u t i f t he 25 var ie t ies
h a d the same m a t u r i t y d u r a t i o n .
J . H . Wi l l iams:
Yes, t hey d i d . W e i n i t i a l l y s tar ted w i t h 2 5 var ie t ies,
b u t d i sca rded 3 o f these la te r because they were t o o
l o n g i n d u r a t i o n . A l l the var ie t ies f l o w e r e d w i t h i n a 
few days o f each o ther .
A . Tekete:
D r o u g h t stress reduces harvest i n d e x b u t increases
the r o o t : s h o o t r a t i o . F r o m a n a g r o n o m i c p o i n t o f
v i e w th is i s a waste o f energy. W h a t k i n d o f m a n -
agement w o u l d y o u advise to reverse th is s i tuat ion?
J . H . Wi l l iams:
I w o u l d n o t t r y to reverse i t . I t is a necessary invest -
m e n t t o get the wa te r . W i t h g r o u n d n u t y o u f i n d t h a t
d r o u g h t stress p romo tes the g r o w t h o f roo ts . T h e
p lan t i s designed f o r su rv i va l p r i m a r i l y .
K. J . Boote:
I w o u l d l i ke to m a k e a c o m m e n t on the prev ious
q u e s t i o n a n d t h e n ask a ques t i on . O u r exper ience
w i t h r o o t i n g i n a n area where y o u have f requen t
r a i n f a l l d u r i n g the g r o w i n g season is t h a t a h i g h r o o t
to shoo t r a t i o i s necessary u n d e r we l l - i r r i ga ted c o n -
d i t i o n s be fo re y o u get i n t o d r o u g h t stress. So w h a t
y o u have can get a head s tar t d u r i n g sho r t stresses,
p a r t i c u l a r l y on a sandy so i l , t o c o n t i n u e to g r o w
m o r e rap id l y d u r i n g the stress.
Y o u sa id t h a t y o u have the same l i fe cycle f o r the
cu l t i va rs a n d t h a t they f lowered at the same t ime . I 
w o n d e r e d i f the ra te o f p o d a d d i t i o n i s m o r e r a p i d o n
some cu l t ivars?
J . H . Wi l l iams:
T h e p o i n t i s w e l l t a k e n . W e d o n ' t rea l l y k n o w . W e
d i d o u r best t o choose var ie t ies i n the same m a t u r i t y
g r o u p . One canno t d i scoun t t h a t there are w i t h i n
t h a t some escape mechan isms o p e r a t i n g , because
there are some cu l t i va rs w h i c h have the i r pods
loaded m o r e q u i c k l y . D i f fe rences c o u l d be there , b u t
they w o u l d be re la t ive ly sma l l .
D . Smi th :
W i t h reference t o the ro le o f s u l p h u r i n the P A N S
m a n u a l , there was a s ta tement made t h a t s u l p h u r
s t rengthens the a t t achmen t o f the pegs a n d there fo re
c o n t r i b u t e s to increased recovery a t harvest t ime . As
I reca l l , i t was n o t substant ia ted w i t h any l i te ra tu re
c i t a t i o n .
J . H . Wi l l iams:
C e r t a i n l y by v i r t u e o f h a v i n g a hea l th ie r p l a n t , y o u
w o u l d p r o m o t e bet ter peg a t t achmen t . I do n o t
bel ieve t h a t su l phu r was a p h e n o m e n o n w i t h i n th is .
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C. E. Simpson:
W h a t was y o u r measuremen t o f m a t u r i t y ? I s i t f i r s t
date o f f l o w e r i n g o r 5 0 % f l o w e r i n g ?
J . H . Wi l l iams:
We based o u r se lect ion o f these cu l t i va rs on the t i m e
to 5 0 % f lower ing . A l l var ie t ies we used were w i t h i n a 
coup le o f days o f the mean va lue .
C. E . Simpson:
D o y o u feel th is i s we l l establ ished i n m a t u r i t y o r j u s t
i n n u m b e r o f days t o 5 0 % f l o w e r i n g ? A r e y o u us ing i t
as a measure of m a t u r i t y ?
J . H . Wi l l iams:
I am us ing i t to d iscard obv ious l y d i f fe ren t geno-
types. We selected o u r var ie t ies o u t o f a large co l lec-
t i o n t o t r y a n d get i n te res t ing m a t e r i a l , and w i t h i n
those we t r i ed to e l im ina te as m u c h as possib le the
c o n f o u n d i n g effects due to days to f l ower ing .
111
Session I I I
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Agrocl imatological Factors Affecting Phenology of
Groundnut
C . K . O n g 1
Abstract
The quantitative response of groundnut to a wide range of temperature, humidity, and soil-water 
deficits is discussed in relation to the climate of the semi-arid tropics (SAT). Information 
obtained from controlled-environment facilities is used to provide a model applicable to the SAT. 
The consequence of irrigation and rainfall distribution on crop phenology and the general 
relation between phenology and yield are also discussed. 
The limited information on daylength responses suggests that genotypic variation is an 
important factor and this is an urgent area for research. Humidity or saturation deficit does not 
have a direct effect on crop phenology and would probably influence phenology via the water-
depletion rate in the soil Delays in the start of the rainy season reduce the length of the growing 
period which may result in lower yields. Agroclimatological factors which affect crop phenology 
may also have a major influence on growth processes, e.g., in partitioning of dry matter to pods by 
temperature. Therefore, studies of phenology and growth processes should be integrated in 
crop-weather investigations. 
I n t r o d u c t i o n
Phenology is defined by the Chambers Dict ionary
(1981) as the study of organisms as affected by cl i -
mate. Lieth (1974) restricted his definit ion of phe-
nology to the study of developmental t iming in rela-
t ion to the calendar, while Huxley (1983) relegated it
to a descriptive study of organisms in relation to
1. Principal Agronomist, Resource Management Program, ICRISAT, Patancheru, A.P. 502 324, India.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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their environment. The first definit ion is obviously
too general, while the second definit ion is the one
generally accepted by crop scientists, and I assume it
to be the one meant by the organizers.
Knowledge of crop phenology is important for at
least three reasons:
• First, for opt imal crop yield in an environment it
is necessary to match the life cycle of the crop to
the length of the growing season. Such informa-
t ion is needed to develop better cropping systems
so that high and/or stable productivity can be
achieved.
• Second, the introduction of improved genotypes
or new crops into new regions is largely deter-
mined by temperature and phenology (Ai tken
1974).
• Final ly, phenology is an essential component of
whole-crop simulation models, which can be
used to specify the most appropriate rate and
time of specific developmental processes to max-
imize yield.
The first part of this review describes the responses
of groundnut to temperature, daylength, humidity,
and rainfal l , and defines, where possible, relevant
concepts and principles and their applications. Later
sections wi l l deal wi th the integration of phenologi-
cal and physiological informat ion, and finally high-
light areas where information is needed.
Genera l i za t ion
Both annual and perennial species of Arachis occur,
but the perennial or indeterminate growth habit is
most common in groundnut (Arachis hypogaeah L.).
Harvesting groundnut crops is rarely determined by
physiological maturity. The standard harvesting
procedure is dependent on the degree of defoliation
of the crop or on the shelling percentage, i.e., the
percentage of pods that have mature kernels. Drought
affects the shelling percentage (Wil l iams et al., this
symposium) and weather conditions may indirectly
affect the degree of defoliation through foliar disease
(Smith, this symposium). In the absence of drought
or disease problems the heat unit or accumulated
temperature index is the most useful for predicting
opt imum harvest time (Mi l ls 1964), as well as for
analyzing other developmental processes such as the
start of f lowering and podding (Leong and Ong
1983). Various methods for determining the harvest-
ing of groundnut crops have been reviewed by Sand-
ers et al. (1982).
Phonological studies have been more concerned
wi th the t iming of developmental processes, i.e., the
start, the durat ion, and the end rather than wi th the
rate of development. The rate of developmental pro-
cesses such as leaf production is usually expressed as
numbers per day, whereas events which occur once
in a life cycle, e.g., seedling emergence, are generally
expressed as the duration (D) , for example, for 50%
of the populat ion to reach that stage. The reciprocal
of D is effectively a rate and this is a useful way to
describe plant responses to temperature, for exam-
ple, as a funct ion of rate because the threshold or
base (Tb), opt imum (To), and maximum (Tm)
temperature can be determined (Fig. 1).
T e m p e r a t u r e
Temperature is the dominant factor controll ing the
rate at which groundnut develops (Fortanier 1957,
De Beer 1963, Cox 1979). In terms of plant growth
and development, the diurnal temperature cycle is
more important than either the regular seasonal
cycle or the random effects of weather in the SAT
(Montei th 1977). Even more important for plant
processes are the effects of microclimate since soil-
surface temperature commonly exceeds 40° C in
Robut 3 3 - 1
Na ta l Common
0 .8
0 .6
0 .4
0 .2
0
0 10 20 30 40 50
Tempera ture ( °C )
Figure 1. Germinat ion rates for groundnut cultivar
R o b u t 33-1 and N a t a l C o m m o n at various tempera-
tures ( ° C ) . Base ( T b ) , op t imum ( T o ) , and m a x i m u m
( T m ) temperatures are indicated for Robut 3 3 - 1 .
(Source: M o h a m e d 1984.)
T b T
m
T
116
many parts of the tropics, especially when the soil
surface is dry (Vi rmani and Singh, this symposium).
The extremes of temperature over a period of days
or hours may severely reduce the growth and devel-
opment of many crops. For example, Garcia-Hui-
dobro et al. (1985) found that exposure of imbibed
pearl millet seeds to 50° C for 1 h reduced the germi-
nation rate and the percentage germination by 14%.
However, similar information is not available for
groundnut.
Thermal Time or Accumulated-Temperature
Concept
The concept of thermal time is widely used for des-
cribing the temperature responses of many crops
including groundnut (Gallagher 1979 for wheat,
Angus et al. 1981 for many tropical species, and
Young et al. 1979 for groundnut). But there is sti l l
uncertainty concerning the choice of base tempera-
ture. Some workers (Weilgolaski 1974, and Angus et
al. 1981) support the view that Tb is highest during
the reproductive phase (3-10°C higher) than during
the vegetative phase, and others suggest that Tb is
highly variable even for the same phase. In contrast,
Ong and his coworkers (Ong 1983a, 1983b, Leong
and Ong 1983, Ong and Baker In press) obtained
results that showed that Tb is conservative for the
Table 1. Base (Tb), opt imum (To), and maximum (Tm)
temperatures of 14 groundnut cultivars
Cultivars
Valencia R2
Flamingo
Maku lu Red
ICG 30
EGRET
ICG 47
Robut 33-1
T M V 2
M K 374
Plover
ICG 21
M 13
Swallow
N. Common
Ranges
Temperatures (°C)
Tb
8
8
8.5
8
9
9
10
10
10
10.5
11
11
11
11.5
8-11.5
To
35
34.5
29
36
29
36.5
36.5
36
36
34
35.5
34
29
29
29-36.5
T m
43
42
42
44
43
47
46
42
44
42
45
45
42
41
41-47
Source: Mohamed 1984.
Table 2. Values of base temperatures (Tb) and thermal t ime
( 0 ) in °C d of several developmental processes of ground -
nut cv Robut 33-1. Results f rom 5-10 treatments.
Developmental process
Leaf production
Branching
Time to first f lowering
Time to first pegging
Time to first podding
T b ( °C )
10.0
9.5
10.8
10.6
11.4
0 ( °C d )
56 per leaf
103 per branch
538
670
720
Source: Leong and Ong 1983.
many processes and phases examined (see Table 2 
for groundnut cv Robut 33-1). Reasons for the
apparent variat ion in extrapolated value of Tb are
discussed by Ong and Baker (1985). Values of Tb
and the thermal time (0) in °C d for each process in
Table 2 are calculated f rom results at five tempera-
tures between mean temperatures of 19 and 30° C.  6 
is the reciprocal of the slope of the rate/temperature
relationship. Tb ranged f rom 9.5-11.4°C, which is
close to the value of 10° C used by McCloud et al.
(1980) for the PNUTS model. These results suggest
that the value of Tb of one process, e.g., germina-
t ion , could be used to calculate thermal time for
other developmental processes for each genotype.
Figure 1 illustrates the rate/temperature relation-
ship for the germination of two contrasting ground-
nut cultivars (Mohamed 1984). The germination
data were obtained at constant temperatures using a 
large thermal gradient plate in steps of 2-3° C. Geno-
typic differences in the rate of germination are great-
est above To , but a 6-7° C variation in cardinal
temperatures was also found. For example, results
for 14 contrasting genotypes showed that Tb ranged
f rom 8-11.5°C, To f rom 29.0-36.5°C, and Tm f rom
41-47°C (Table 1, Mohamed 1984).
Temperatures close to Tb and Tm produce a low
rate of germination (Rg), but their influence on the
proport ion of seeds which finally germinated (Tm) is
genotypically dependent (Fig. 2). For example, Gm
of cv Maku lu Red, a highland variety, is much more
sensitive to a reduction in Rg caused by high
(>28.5°C) rather than by low temperatures. This
genotype is therefore poorly adapted to high tem-
peratures compared to cv Plover, a Brazilian geno-
type, that is not greatly affected unt i l the tempera-
ture reaches 40.5°C. The selection for a heat-tolerant
groundnut cultivar is therefore possible in many
tropical regions where soil temperatures regularly
exceed 40° C.
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Flowering and Growth
Work in growth cabinets (Fortanier 1957) shows
that the flowering and growth responses of ground-
nut cv Schwarz 21 to temperature are remarkably
similar to that described for germination (Fig. 3).
The opt imum temperature for both processes lies
between 32-34° C, which is consistent wi th the values
reported for germination and branching (Mi l ls 1964,
De Beer 1963). The flowering of groundnut does not
indicate any thermoperiodicity and most species are
day-neutral (Fortanier 1957).
There is l i tt le information on the effects of temper-
ature on the phenology of groundnut in the tropics.
Wil l iams et al. (1975) reported that the growth of cv
Maku lu Red varied at mean air temperatures of 18,
20, and 23° C. Crops were harvested when 95% of
their leaves were lost by natural defoliation or unt i l
70% of the pods had matured. The total growing
durations for these crops were 176 d at 18° C, 176 d at
20°C, and 151 d at 23°C. Growth-analysis results
showed that only the 23° C crop reached physiologi-
cal matur i ty, i.e., to ta l pod dry weight reached con-
stant value and estimates of thermal t ime (maturi ty
index of 2000° C d and Tb of 8.5° C) indicated that
the two other crops were harvested at least 68 and 15
d earlier than the 23° C crop. It is possible that the
low temperature or disease build-up may have
caused the substantial foliage loss in these crops.
At I C R I S A T Center (17° N) the mean air temper-
atures during the rainy and postrainy seasons are
very different. Dur ing the rainy season (Jun-Sep) the
mean air temperature is 29° C for the first 6 weeks
1.0
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0 0 .5 1.0 0 0 . 5 1.0
P l o v e r
14
3 4 . 5
31
2 8 . 5
1.0
3 6 . 5
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4 0 . 5
0 . 5
M a k u l u R e d
( h i g h a l t i t u d e
v a r i e t y )
4 0 . 5
3114
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Rate of g e r m i n a t i o n (R ) 
Figure 2 . Relationship of m a x i m u m germination and rate of germination to temperature ( °C ) of groundnut
cultivars M a k u l u Red and Plover. (Source: M o h a m e d 1984.)
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Figure 3 . Rate o f f lower ing ( I / D ) o f groundnut cul-
t ivar Schwarz 21 as a function of mean air tempera-
ture (° C ) . Recalculated f r o m Fortainier (1957). D is
days for 5 0 % of the populat ion to produce the first
flower.
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and declines to 26°C for the remainder of the grow-
ing period. In contrast, the mean air temperature
dur ing the early postrainy season (Nov-Dec) is
about 21°C and increases steadily to 29°C in Apr i l
( I C R I S A T 1984 pp. 183-185). Since plant develop-
ment is predominantly controlled by temperature
there are conspicuous differences in the time to f low-
ering, podding, and the total durat ion of crop
growth in the two seasons (Table 3). These results
were based on actual observations of cv Robut 33-1,
and are consistent w i th calculations based on ther-
mal time (maturi ty index of 2000°C d and T of
10°C).
D a y l e n g t h
Early studies in growth rooms showed that the phe-
nology of groundnut is not affected by daylength
(Fortanier 1975). However, recent research has indi-
cated that pod yield is greatly influenced by day-
length (Wynne and Emery 1974, Ketring 1979) and
genotypic variation in yield responses to short and
long days has been reported by Witzenberger et al.
( In press). The last group of workers reported yield
increases of 36-106% under short days (11-12 h) in
four cultivars but slightly increased yield in long
days (15-16 h) in the remaining two cultivars. The
differences in yield responses to daylength are
mainly due to changes in the number and proport ion
of large kernels. Clearly, there is an urgent need to
identify daylength sensitivity in the existing germ-
plasm to match a specific daylength, especially when
exotic cultivars are grown in new regions or when
two crops are grown within a year in regions of high
latitude.
It is well established that long days promote
vegetative growth, e.g., increased stem length and
Table 3. Crop phenology of cv Robut 33-1 rainy and post-
rainy seasons, I C R I S A T Center.
Growth stage
Days to first flowering
Days to pod f i l l ing
Durat ion of pod f i l l ing (d)
Length of growth (d)
or 2000° Cd
Rainy season
24-26
52-54
60-64
110-115
Postrainy
season
40-44
80-83
60-62
135-140
Source: Diwakar, unpublished.
leaf growth at the expense of reproductive growth
(Ketellaper 1969), but there is some uncertainty
about the influence of daylength on the durat ion of
reproductive growth. In a study of several cultivars
Sengupta et al. (1977) found that flowering was
delayed by a daylength shorter or longer than 10 h,
whereas in contrast, Ketr ing (1979) did not observe
any effect of daylength (8, 12, 16 h) on flower ini t ia-
t ion. Both these workers used different cultivars in
their experiments and it is possible that genotypic
variation in response to daylength may also be
important.
H u m i d i t y o r Sa tu ra t ion De f ic i t
Saturation deficit (SD) is an important agroclimatic
factor because it is a major determinant of potential
evaporation. In many climates, SD is not an inde-
pendent variable, but is closely coupled to the rain-
fal l and temperature. Groundnut crops are often
irrigated or grown on stored moisture during the
postrainy season when SD exceeds 3-4 KPa. It is
usually impossible to control SD effectively in the
field, so physiological studies of SD have been res-
tricted to controlled environments. However, not
much is known about the influence of SD on the
phenology of groundnut because attention has been
drawn to the conservative way that stomata respond
to SD to l imit the actual rate of transpiration (Black
and Squire 1979).
Saturation deficit may have an early effect on crop
establishment by its direct influence on the evapora-
t ion of seed-bed moisture. For example, work in
controlled-environment greenhouses showed that
seedling establishment of groundnut declined by
20% when the maximum SD increased f rom 1.5 to
2.5 KPa (Ong et al. In press). Once the plants are
ful ly established the influence of SD is dependent on
the rate of water uptake by the roots, the foliage
area, and the soil-moisture content (Simmonds and
Ong. In press). The interaction between SD and the
water-storage capacity of the soil wi l l obviously be a 
major factor in determining whether crop phenology
is affected. In addit ion, the early phenological stages
and processes during early growth are less likely to
be affected than the late processes such as pod filling.
For instance, the start of f lowering of cv Robut 33-1
is unaffected by mean SD ranging f rom 1.0 to 2.5
KPa (Ong et al. In press). The influence of SD on
crop growth and phenology wi l l continue to be
poorly understood unless more controlled-environ-
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meat facilities are available to vary the SD and the
temperature diurnally in the natural environment.
R a i n f a l l
Rainfal l is the most significant climatic factor affect-
ing crop production in the SAT because most crops
are rainfed. A low and highly variable rainfall
coupled wi th soils of low water-holding capacity are
cited as the major constraints to crop production in
these regions (Virmani and Singh, this symposium),
but the relationship between groundnut yield and
seasonal rainfal l is often poor (Popov 1984). Figure
4 illustrates the highly variable yields in Bambey,
Senegal, between 1932 and 1964, and shows four-
fo ld changes at a seasonal rainfal l of 800 mm. Sim-
i larly, groundnut yields at I C R I S A T Center are
poorly correlated wi th total rainfal l and there is
considerable variation in the harvest index (Table 4).
It is not clear whether such yield fluctuations are due
to the distr ibution of rainfall , waterlogging, or the
magnitude of the disease damage.
2 . 0
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0 . 5
400 600 800 1000 1200
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Figure 4. Comparison of groundnut yields (t ha - 1 )
and seasonal rainfal l for 32 years (1932-1964), B a m -
bey, Senegal. (Source: Popov 1984.)
Table 4. Comparison of pod yield (t ha -1) and harvest index
of groundnut cv Robut 33-1, I C R I S A T Center, rainy sea-
sons 1978-1983.
Seasonal
rainfall
Year (mm)
1978 1077
1979 631
1980 733
1981 1072
1982 656
1983 1022
Pod yield
(t ha-1)
1.19
3.00
1.76
4.41
1.62
2.44
Harvest
index
0.21
0.37
0.54
0.46
0.60
0.43
M.S. Reddy, unpublished data
The importance of rainfall distribution to ground-
nut yield is well appreciated, but experimental evi-
dence is poorly documented. In Oklahoma, Matlock
et al. (1961) reported a yield of 2.7 t ha-1 wi th sup-
plementary irr igation of 75 mm on 21 July, but only
1.81 ha -1 when the same irr igation was applied on 31
July. Few drought studies have attempted to distin-
guish the effect of the amount, frequency, and the
distr ibution of rainfall on groundnut yield. Work in
controlled-environment greenhouses at Nott ingham
University, U K , showed yield which was four times
greater than the yield of crops which used the same
amount of water, but was irrigated during the vege-
tative phase only ( O D A 1984).
A severe water deficit can delay the onset of f low-
ering and rapid pod growth (Billaz and Ochs 1961,
Billaz 1962). Yield is often reduced by drought even
when plant stress is relieved by irr igation because
pod maturat ion is delayed, and it is not always pos-
sible to delay harvesting. Boote and Hammond
(1981) reported a delay of 11 d in f lowering when
drought was imposed between 40-80 days after sow-
ing (DAS) . Stansell and Pallas (1979) found that the
percentage of mature kernels of the same cultivar
was reduced to only 34% of the control when
drought was imposed 36-105 D A S . Detailed infor-
mat ion on the i rr igat ion, water use, and water rela-
tions of groundnut is reviewed by Boote et al (1982).
I n t e g r a t i o n o f Pheno logy a n d G r o w t h
Agroclimatic factors that influence crop phenology
may also have a major effect on crop-growth rate
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and the part i t ioning of dry matter. It is useful there-
fore to integrate phenological and growth responses.
For example, temperature affected the dry-matter
production of pearl millet by governing the rate of
format ion and the duration of canopy rather than
the efficiency of solar energy conversion (Squire et
al. 1984). A similar analysis of the information on
groundnut shows that the duration f rom sowing to
the end of pod f i l l ing (defined as 2000° C d) increased
f rom 95 d at 31°C to 222 d at 19°C (Fig. 5). Unpub-
lished data (B. Marshall , Nott ingham University,
personal communication) shows that rapid canopy
format ion starts at 300°C d and reaches canopy
closure at 800°C d at a leaf area index ( L A I ) of 3.
Assuming a maximum growth rate of 20 g m-2 d-1
(Duncan et al. 1978) at all temperatures for the
remainder of the growing period, the total dry-
matter production is 12.8 t ha-1 at 31°C and 32.2 t 
ha -1 at 22°C (Fig. 5). However, field observation
shows that the crop-growth rate is lowered by
temperatures below 23°C (Wil l iams et al. 1975, for
Maku lu Red) and the total dry matter is reduced by
60% at 18°C and 40% at 20°C (Fig. 5). The effect of
high temperature (>31°C) on crop-growth rate is
unknown although the apparent photosynthesis of
Dry m a t t e r
D u r a t i o n
Dry m a t t e r when c rop
growth r a t e a f f e c t e d
by low t e m p e r a t u r e
300
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100
50
19 22 25 28 31
Temperature ( °C)
Figure 5. Temperature effects on the durat ion f r o m
sowing to end of pod fi l l ing and the f inal dry matter
produced. The duration is calculated using a matur-
ity index of 2000° C d and Tb of 1 0 °C
individual leaves is reduced by 25% when tempera-
ture increases f rom 30 to 40°C (Bhagsari 1974).
Temperature also has a profound effect on the
part i t ioning of dry matter to pods in groundnut
(Cox 1979, Ong 1984). Pod-growth rate of F lor i -
giant groundnut is reduced by 45% when the tempera-
ture is increased f rom 24° C to 32°C and the f inal
kernel weight is reduced by 30% (Cox 1979). The
opt imum temperature for pod yield is therefore con-
siderably lower than that for the rate of developmen-
tal processes. Robut 33-1 has an opt imum tempera-
ture for pod growth of 24°C (Ong 1984) while
Maku lu Red has To of 20° C (Wil l iams et al. 1975).
There are several other reasons why higher tempera-
tures are detrimental to reproductive growth: pollen
death is reported to occur at 33°C (De Beer 1963);
fewer pegs and pods are produced; greater stem
growth may compete directly wi th reproductive
organs for assimilates (Fortanier 1957); and tal l
stems may prevent pegs f rom reaching the ground
(Will iams et al. 1975, Leong and Ong 1983).
High soil temperature (>30°C) may also be an
important l imitat ion to groundnut pod yield in
much of the SAT because local heating of the pod
zone resulted in major reduction in pod yield when
temperature exceeded 24°C (Dreyer et al 1981).
Daylength and Saturation Deficit
There is a dearth of information on the effects of
these factors on the phenological and growth responses
of groundnut. As previously pointed out, the impor-
tance of daylength on phenology and yield is proba-
bly dependent on variety. Workers at I C R I S A T
Center are investigating this aspect.
Saturation deficit w i l l have a major effect on the
water-use rate and the growth of groundnut grown
on stored moisture. The water-use efficiency (WUE),
defined as the amount of dry matter produced per
unit of water transpired, is inversely proport ional to
SD (Simmonds and Ong In press) but much less is
known about the way in which dry-matter produc-
tion is related to SD. Work in controlled-environment
greenhouses shows that large SD (>2.5 KPa) accel-
erates the depletion of soil-moisture reserves and
greatly reduces L A I by lowering the turgor potential
of the expanding leaves (Ong et al. In press).
Because expanding leaves are more sensitive to
moisture deficit than pods, the part i t ioning of dry
matter is l ikely to be affected by SD. For instance,
comparison of the rates of peg production and leaf
expansion at four levels of SD shows that pegs are
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relatively unaffected by drought stress unt i l predawn
water potential reaches -0.8 M P a (Fig. 6).
These observations are consistent w i th the f inding
that when the major sinks are sensitive to water
deficits, dry matter is preferentially distributed to
other parts of the plant (Wardlaw 1969).
Rainfall
In contrast to the poor correlat ion between the
amount of rainfal l and groundnut yield (Fig. 4,
Table 4), field studies show that yield is proport ional
to the amount of water applied when rainfal l is low
(Boote et al . 1982, for review on i rr igat ion effects).
The postrainy season at I C R I S A T Center provides
an ideal rain-free environment to study the interac-
t ion between phenology and drought. Results f rom a 
series of experiments there ( I C R I S A T 1984) show
that:
• early stress (29-57 D A S ) does not influence pod
yield greatly,
• pod yields are increased by 15 gm-2 cm-1 of water
applied 93-113 D A S , i.e., seed-filling phase, and
• cultivars differ widely in their recovery when
drought stress is relieved (Wil l iams, this sympo-
sium).
The analysis of Kowal and Kassam (1974) illustrates
the strong connection between the length of the
growing period (as determined by total rainfal l), and
the yield of a 120-d groundnut crop in northern
Nigeria (Table 5). The delay in the start of the rainy
season wi th increasing latitudes reduces the length of
the growing period, which results in lower yields
when the growing period is less than 90 d. This
analysis highlights the importance of the interaction
between phenology and the rainfal l pattern.
The importance of variat ion in rainfal l distr ibu-
t ion on groundnut yield is not well understood
because research has concentrated on withholding
water at different times of the growing season (Pallas
et al. 1979, Stansell et al. 1979). Unfortunately, in
many of these experiments the amount of water
applied changed wi th the treatment so that the
effects due to the t iming and amount of water ap-
plied could not be separated. Detailed analysis of the
experiments conducted at Nott ingham University
( O D A 1984) shows that the dry matter accumulated
before pod f i l l ing is not available for retranslocation
to pods and the part i t ioning of subsequent assimi-
lates is unaffected by the treatments. The crops
which received early or late irr igation used the same
amount of water and produced the same amount of
dry matter, but loss of leaves was observed in the
late-irr igation treatment only (Fig. 7). This experi-
ment demonstrates the substantial effect of rainfal l
distr ibut ion on groundnut yield and provides one
Table 5. The effect of variat ion in the length of growing
period and rainy season on groundnut yields wi th latitude
in northern Nigeria.
Length
of rainy
season (d)
115
110
100
90
80
70
60
50
Length
of growing
period (d)
120
120
120
110
100
90
80
70
Latitude
( °N)
11.2
11.2
11.2
11.3
11.5
11.8
12.0
12.3
Yield
reduction (%)
0
0
0
0
8
28
40
56
Source: Kowal and Kassam 1974.
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Figure 6. Compar ison of the dry-matter production
( t ha - 1 ) of groundnut cultivar R o b u t 33-1 wi th early
and late i r r igat ion. Bo th crops received the same
amount o f irr igat ion. (Source: O D A 1984.)
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explanation for the large variat ion in the harvest
index observed f rom year to year (Table 4).
Further work is needed to determine whether the
observed pattern is typical of the responses to the
variation in rainfall distr ibution. There is a possibil-
ity that cultivars that have the abil ity to retranslo-
cate much of the stored dry matter to pods would be
less sensitive to variation in rainfall distr ibution.
Conclusions a n d Research Needs
Although temperature is regarded as the dominant
factor affecting the phenology of groundnut, there is
no i n f o r m a t i o n on whether h igh temperature
(>40°C) for only a few hours in the day has a major
effect on crop development. It is evident that high
soil temperatures can reduce seedling establishment
and l imi t reproductive yield in many areas of the
tropics. Laboratory studies show that sources of
resistance to high or low temperatures exist in the
germplasm (Mohamed 1984), and these cultivars
should be util ized to ensure better yield stability. It is
vital that agroclimatologists collect information on
soil temperatures throughout the groundnut-growing
areas to predict the phenology of groundnut. Dif fer-
ences in microclimate may explain the reported d i f -
ferences in the yield of sole and intercropped ground-
nuts (wi th a tal l cereal such as sorghum) dur ing the
dry season. Unpublished data show that shading by
the sorghum leaves reduces the temperature of the
groundnut leaves by 5-10°C during the day.
Recent studies at I C R I S A T Center have demon-
strated the importance of genotypic differences in
the sensitivity of groundnut yields to daylength. The
effect of daylength on the durat ion of the reproduc-
tive phase is sti l l uncertain and further work is
needed to assess the extent of genetic variabil ity.
Saturation deficit is l ikely to affect the durat ion of
late developmental stages. SD interaction wi th soil-
water content should be examined further. Such
studies must be carried out in controlled-environment
greenhouses so that the SD and the temperature can
be varied diurnal ly as they do in the natural envi-
ronment.
The influence of rainfal l on groundnut yields is
complex because of its major effect on the part i t ion-
ing of dry matter, changes in pod maturat ion, and
the incidence of fol iar diseases that may lower crop
growth rate.
Final ly, progress in understanding crop-weather
relationships necessitates a closer integration of crop
phenology and growth responses. For example, the
survival or f inal number of grains produced in maize
and mil let is dependent on the growth rate of the
whole plant as well as on temperature (Hawkins and
Cooper 1981, Ong and Squire 1984). The concept of
a thermal growth rate has proved useful to under-
stand how yield components are determined in
cereals, and it should be evaluated for groundnut.
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Abstract
Breeding Groundnut Varieties for the Semi-Arid Zones: At present bioclimatology helps to 
identify water-balance parameters that are essential for breeding varieties for the semi-arid 
tropics. It identifies in particular two basic data for the region where the variety is to be released: 
the optimal length of the growing season and the risks due to the temporal distribution of rainfall 
A groundnut breeding program at ISRA, CNRA, Bambey is discussed. This programme aims 
at developing varieties that are adapted to two types of drought conditions affecting the northern 
and central regions of the country. The northern region is characterized by a short rainy season, to 
which the early-maturing varieties (90 days), now available are no longer adapted. The purpose is 
to develop, through backcross between these varieties and an early-maturing parent, new varie-
ties of shorter duration which would fit within the limits of the rainy season. In the central region 
the rainy season is longer, but is interrupted by relatively long droughts. Here, the objective is to 
develop, through recurrent selection on productive capacity and different features of phys i o l og i -
cal adaptation to drought, short-duration (90 days) and medium-duration (105 days) varieties 
that can withstand periods of drought stress during their growing cycle. 
1. IRHO/CIRAD, Dakar,
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
127
128
129
130
131
132
133
134
Physiological Response of Groundnut to
Temperature and Water Deficits—Breeding Implications
D . L . Ke t r ing 1
Abstract
Studies have been conducted to evaluate groundnut germplasm for heat- and drought-tolerance 
traits. Genotypes differ in tolerance to temperatures above 35°C in tests conducted under 
controlled environments. They also differ in heat tolerance, indicated by membrane thermostab i l -
ity using the in vitro leaf-disc method with leaf tissue from field-grown plants. The means to 
improvement of hydration maintenance of this crop under soil-moisture deficits has been sought 
through genotypic diversity in rooting traits and water-potential components. Genotypes differ in 
rooting habit and ability to maintain plant-water transport under greenhouse conditions. Field 
measurements of water-potential components indicate differences in rate of decrease in water-
potential components, osmotic adjustment, and apoplastic water fraction. The limited germ-
plasm examined in these investigations shows potential for improved heat and drought tolerance. 
I n t r o d u c t i o n
Crops are rarely grown under opt imal conditions for
plant growth and development. Temperature extremes
and low water availabil ity l imi t the world's crop
product ion. Temperature and drought stress affect
most plants, and the groundnut (Arachis hypogaea 
L.) is no exception. The U.S. Department of Ag r i -
culture (USDA) , Agricultural Research Service, and
the state Agr icul tural Experiment Stations through-
I. Plant Physiologist, U.S. Department of Agriculture, Agricultural Research Service, Plant Science and Water Conservation Laboratory,
P.O. Box 1029, Stillwater, Oklahoma 74076, USA.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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out the groundnut-growing belt in the USA are
expending considerable effort to improve both the
productivi ty and quality of the groundnut crop.
The drought and high temperatures in 1980 that
reduced groundnut production 40-50% throughout
the U.S. groundnut belt w i l l be long remembered.
Al though this was the most disastrous season in
recent t imes, localized droughts cause reduced
groundnut product ion nearly every year. As recent
examples, the Virginia-Carol ina mid- Atlant ic area
suffered drought and high temperature in 1983,
while Texas in the southwest suffered in 1984. The
results of these environmental extremes were reduced
crop productivi ty and quality. In 1980 in Oklahoma,
USA, there were 53 days wi th temperatures greater
than 35°C and very low rainfal l , particularly in July
(Table 1). Number of days of high temperature were
similar in 1981 and 1982, but rainfal l in 1982 was
only 41 % of that in 1981. Yields under rainfed condi-
tions in 1982 compared to 1981 were severely
reduced. The combined effects of more high-temper-
ature days and further reduction in rainfal l in 1983
and 1984 resulted in even lower groundnut yields
(Table 1). Such effects of environment are well
known throughout the semi-arid tropics (SAT). The
objective of our research is to evaluate and select
groundnut germplasm that is more tolerant of
temperature and drought stress.
T e m p e r a t u r e
Vegetative Growth
Temperature has an essential role in al l aspects of
plant growth and development. Temperature regu-
lates the rate of plant development, and in combina-
t ion wi th water availabil i ty sets the length of the
growing season. When temperature permits crop
growth, water is the major l imi t ing factor affecting
crop growth and development (McCloud 1984).
However, field temperatures (Table 1) often exceed
those opt imum for groundnut growth. Estimates of
opt imum l ight /dark temperature regimes for vege-
tative growth of groundnut plants under controlled
environments range f rom 30/26 (Cox 1979) to
35/25°C(Ono et al. 1974). Under field conditions in
Zimbabwe, groundnut crop-growth rate, leaf area,
and total dry matter produced were greatest at a site
wi th mean daily maximum temperatures of 29.7°C
and min imum temperatures of 17.3°C (Wil l iams et
al. 1975).
Reproductive Growth
Groundnut reproductive phases (f lowering, pegging,
pod format ion, and kernel f i l l ing) may each have
different temperature optima. Temperature optima
for f lowering range f rom 20 (Wood 1968) to 30°C
(Ono et al . 1974). Temperatures for the greatest
number of developing pegs ranged f rom 20/25
(Wood 1968) to 32/23°C (Cox 1979). Under field
condit ions, the greatest and least number of pegs
were produced by plants grown at sites wi th mean
daily temperatures of 23.2 and 17.9°C, respectively.
However, highest yields were obtained at a mean
temperature of 20.1°C where intermediate peg num-
bers and seed-growth rates occurred (Wil l iams et al.
1975). The data indicate that opt imum mean air
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Table 1. Rainfa l l (mm) and number of days w i th high temperatures for July and August dur ing six groundnut-growing
seasons, Perkins, Oklahoma agronomy fa rm, 1979-84.
Year
1979
1980
1981
1982
1983
1984
July
Temperature 0C1
35-38 38
(no. of days)
10
6
12
5
11
11
0
24
6
0
8
7
Month ly
rainfal l
(mm)
129.0
1.3
124.2
94.2
0.5
1.3
August
Temperature °C
35-38 38
(no. of days)
12
10
2
9
20
15
0
13
0
7
8
7
Month ly
rainfal l
(mm)
41.1
39.6
128.5
8.4
24.4
39.1
Yield range
totals
Rainfed
Rainfal l condit ion
Days (mm) (kg ha-1)
22 170.2
53 40.9
20 252.7 2683-1595
21 102.6 823- 293
47 24.9 680- 540
40 40.4 400- 26
1. The average maximum temperatures in July and August were 33.3 and 39.9°C in 1979, 38.9 and 37.7°C in 1980, 32 .8 and 30.0° C in 1981,
32.2 and 35.0°C in 1982, 35.6 and 37.2 0C in 1983, and 35.6 and 36.1°C in 1984, respectively.
Table 2. Changes in vegetative growth and mature seeds of Tamnut spanish-type groundnut cultivar, w i th t ime and
temperature treatment.
Temperature
°C
303
35
L S D
 0.054
63 D A S 1
Individual
leaf area2
(cm2)
39.17
27.59
3.92
Individual
leaf area
(cm2)
23.79
11.29
3.23
91 D A S
Total plant-
leaf area
(cm2)
1608
1203
254
Mature
seeds
(no.)
18.1
16.5
5.5
(g)
6.52
4.88
1.47
1. DAS = days after sowing. Plants were harvested at 91 DAS.
2. Eight leaves, the second leaf from the cotyledonory branch growing tip, were sampled at both times and temperatures.
3. Light/dark temperatures were 30/22 and 35/22°C.
4. LSD 0.05 = least significant difference at P< 0.05.
temperatures for vegetative growth of groundnut
plants are in the range of 25-30°C, while tempera-
tures for reproductive growth may be similar or
somewhat lower (20-25°C). The data in Table 1 
show that groundnuts are frequently subjected to
field temperatures equal to or greater than 35°C.
When this occurs at crit ical phenophases (pegging,
pod format ion, and kernel filling), yields are affected.
Heat Tolerance
Gautreau (1966) used a heat test to select genotypes
more resistant to heat by treating seedlings at 61°C
for 1 h. In our studies wi th intact plants, they were
subjected to 35°C beginning 21 days after sowing
(DAS) and continuing unt i l harvest at 91 D A S (Ket-
r ing 1984a). The spanish-type cultivar Tamnut 74
showed reduced individual leaf area at both 63 and
91 D A S (Table 2). At harvest, total plant-leaf area
and number and weight of mature seeds were
reduced (Table 2). The data show that 35°C inh i -
bited growth and development of this cultivar and
suggested that 35°C could be used to test genotypes
for heat tolerance. Table 3 shows that P1 405915
produced the most and Chico the least shoot dry
weight. The lower shoot weight of Chico was
expected since this is a genetically smaller plant.
However, Chico and P1 404021 had the highest
weight of mature seeds. There were also other differ-
ential effects on yield components. For instance, P1
405915 had the largest number of total pegs, and
while P1 404021 had the fewest number of flowers, it
had the largest percentage (50%) of flowers that
produced pegs (Table 3). Thus these data show a 
differential response among genotypes to 35°C, and
it seems possible to select more heat-tolerant germ-
plasm.
Table 3. Comparison of diverse groundnut genotypes for high-temperature (35°C) effects on shoot growth and yield
components.
Genotype
P1 405915
Pronto
Comet
Tamnut 74
P1 404021
(73-33)
Chico
Total shoot
dry weight
(g)
25.49a2
25.31a
24.32a
19.02b
16.91b
11.82c
Flowers
at 45 D A S
(no.)
110b
143ab
117b
117b
56c
183a
Total1
pegs
(no.)
50a
28bc
18c
18c
28bc
32b
Mature
seeds
(no.)
2c
8bc
9bc
8bc
13b
19a
(g)
0.81c
1.91bc
2.46abc
1.78bc
4.19a
3.77ab
Immature
seeds
(no.)
5a
7a
8a
6a
1.2b
6a
(g)
0.89a
0.32b
0.24b
0.14b
0.05b
0.34b
1. Sum of aerial, subterranean, and those with pods attached.
2. Mean values not followed by the same letter are significantly different (P< 0.05), as determined by Duncan's multiple-range test.
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Another approach to study heat tolerance of
plants is the in v i t ro leaf-disc method (Sull ivan and
Ross 1979). The procedure measures electrical con-
ductivity of electrolyte leakage f rom heat-damaged
leaf-tissue cells after exposure to elevated tempera-
tures. The extent of electrolyte leakage, expressed as
a percentage after correction for control tissue, ind i -
cates the degree of membrane injury. The advantage
of this method is that it can be used to test compara-
tively large amounts of germplasm under field con-
dit ions. When groundnuts grown under rainfed
conditions were tested over a 3-year period, differ-
ences among genotypes, between days after sowing,
and seasonal effects on membrane thermostabil ity
were found (Ketr ing, In press). Further studies com-
paring genotypes grown under both irrigated ( IR)
and rainfed (RF) conditions conf i rm these results
and show the interactions between genotype, D A S ,
and treatment ( I R or RF) (Table 4). In Table 5,
membrane in jury of OK-FH15 (Comet x Florunner
selection) was similar to the Comet parent at 54
D A S and the Florunner parent at 96 D A S . These
data suggest that membrane thermostabil ity is a her-
itable trai t in groundnut as it is in other crops such as
soybean (Glycine max L. Merr) and Sorghum bico-
lor L. Moench.
Selection for membrane thermostabil i ty ( low per-
centage membrane injury) may be a means to
improve heat tolerance of the groundnut crop. Also
included in Table 5 for comparison is the plant
introduct ion P1 404021, which according to our
records is the cult ivar 73-33 released in Senegal by
Gautreau et al. in 1980. This drought- and heat-
tolerant cult ivar (Gautreau et al. 1980, and Table 3),
had percentage membrane-injury values similar to
those of the cultivar Comet. Comet is also consid-
ered comparatively drought-tolerant, while F lorun-
ner is considered drought-susceptible. However,
Florunner consistently has lower percentage mem-
brane-injury values than Comet and, as shown in
Table 5, lower values than P1 404021. Thus the
criterion of greater membrane thermostability as an
indicator of greater heat tolerance appears to be a 
separate physiological phenomenon f rom those used
to designate drought tolerance in groundnut. Also,
the membrane-thermostability response as an indi-
cator of heat tolerance appears to be separate f rom
intact-plant heat tolerance as shown in Table 3.
However, perhaps by appropriate crosses and selec-
t ion a more drought-(relative to the susceptible par-
ent) and heat-tolerant (as indicated by membrane
thermostabil ity and/or intact-plant heat tolerant)
Table 4. Randomized complete block Anova for percentage membrane injury under rainfed (RF) and irrigated ( IR)
conditions in 1984.
Source
Mean
Blocks
Treatments
Genotype
Day
Treatment ( IR or RF)
Genotype x Day
Genotype x Treatment
Day x Treatment
Genotype x 
Day x Treatment
Error
Tota l
D F
1
3
3
2
1
6
3
2
6
69
96
Sum of squares
382 576.639
264.558
852.099
2075.532
122.244
1462.081
468.255
1011.409
490.444
4186.468
393 609.728
Mean square
382 576.639
121.519
284.033
1 037.766
122.244
243.680
156.085
505.704
81.741
60.673
F ratio
4.681** 1
17.104**
2.015ns
4.016**
2.573*
8.335**
1.347ns
Coefficient of variation = 12.34 % 
1. The symbols * and ** represent significance of the F value at P = 0.10 and P = 0.01, respectively.
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Table 5. Comparison of membrane thermostabil ity among groundnut genotypes including parents (Comet x Florunner)
selection (OK- FH15), and P1 404021 under rainfed (RF) and irrigated ( IR) conditions, Oklahoma, 1984.
Genotype
Florunner
OK-FH15
Comet
P1 404021
(73-33)
R F
I R
R F
IR
R F
IR
R F
IR
54 D A S 1
54.20fgh2
74.22ab
71.66abcd
79.77a
69.56abcde
69.24abcde
71.67abcd
66.72bcdef
% Membrane injury
75 D A S
59.88cdefg
56.76efgh
64.44bcdef
57.94efg
65.33bcdef
55.09fgh
66.94abcdef
59.46defg
96 D A S
49.89gh
56.95efgh
44.02h
56.80efgh
64.65bcdef
65.04bcdef
61.76bcdefg
73.11abc
1. DAS = days after sowing.
2. Mean values not followed by the same letter were different (P< 0.05), as determined by Duncan's multiple-range test.
cult ivar could be developed. Some evidence of this is
selection OK-FH15 which shows percentage mem-
brane-injury values common to both parents. The
water relations of these genotypes are discussed
below.
H y d r a t i o n M a i n t e n a n c e
Lack of water is the most l imi t ing factor in crop
product ion. Knowledge of plant responses to water
deficits is crit ical to food product ion in developing
countries in the SAT. The questions are: how much
dehydration can plants tolerate before productivity
is reduced, and can germplasm be chosen wi th traits
to withstand or delay dehydration while remaining
productive?
Vegetative Growth
Drought stress directly and physically reduces plant
vegetative growth by reducing cell turgor (Hsiao
1973, Hsiao and Acevedo 1974). Growth of leaves,
stems, and roots is reduced. Long-term drought
stress, when crops are grown under rainfed condi-
tions wi th l i t t le precipitation, results in both reduced
vegetative (shoot and root) and reproductive growth.
However, under drought stress there may be an
increase in the root:shoot rat io. This may be due to
the abil i ty of the root to adjust osmotically in order
to maintain growth (Hsiao 1973).
Roots
Extensive root ing wi th the abil i ty to explore a larger
soil volume for moisture is possibly a trait that can
delay dehydration and thus prolong the effective
productive period. Table 6 shows some data repre-
sentative of differences among groundnut genotypes
in root traits (Ketr ing et al. 1982, Ketr ing 1984b).
Genotypes differed in root length, number of roots
Table 6. Root-growth characteristics of selected groundnut
genotypes grown for 55 days in a greenhouse.
Genotype
Spanish types
Spancross
Pronto
Chico
Comet
Virginia types
Florunner
UF 77318
Early Runner
Dix ie Runner
Number
Length at 1 m 
(cm) (no.)
186.8a1 2.8a
164.9b 1.6a
153.7bc 1.2a
138.5c 1.3a
192.6a 4.9a
186.6a 4.9a
183.3a 1.3b
1214b 1.6b
Volume
(ml)
27.7a
20.6a
26.8a
23.5b
37.2a
.
-
1. Means of each type within columns followed by different letters
were significantly different ( P < 0.05) as determined by Dun-
can's multiple-range test. Spanish and Virginia types were ana-
lyzed separately.
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at 1-m depth, and root volume. Root volume is
highly correlated wi th root dry weight.
In addit ion to determining differences in root ing
characteristics, we are also attempting to ascertain
differences in root funct ion, i.e., the abil i ty of roots
to extract soil moisture. In field studies, soil-moisture
extraction was fol lowed by weekly measurements of
soil moisture wi th the neutron probe. The soil was a 
Teller sandy loam (fine, mixed, thermic, Udic Argu i -
stoll) w i th a clay layer at about 46-61 cm beneath the
surface. Roots extracted moisture to a depth of 120
cm in this soil. In sandy soils, groundnut roots have
been measured to a depth of 150 cm (Robertson et al.
1980). To date, no significant genotypic differences
in field-moisture extraction have been found in our
studies. This may be due to either insufficient
number of replications or insensitivity of the tech-
nique. Also soil compaction was a major factor in
l imi t ing groundnut root growth (Taylor and Rat l i f f
1969). Thus the fu l l potential for extensive root
growth as shown in Table 6 was probably not
expressed in the Teller sandy loam soil so that geno-
typic differences in water extraction could not be
detected. Using an alternate procedure (Gray et al.
In press) to measure apparent sap f low (Av) , we have
found that genotypes differed in their ability to
maintain water f low through the plant under drought-
stress conditions in the greenhouse (Ketr ing, D.L. ,
U S D A , Oklahoma, unpublished data).
Components of Water Relation
Long-term drought stress has been used to study the
response of groundnut genotypes by comparing
water-relation components: water ( ), osmotic
( ), and turgor potential ( ), stomatal resistance,
relative water content (RWC) , percentage ground
cover, and yield under IR and RF conditions. The
R F / I R ratio indicates the relative capability of geno-
types to maintain hydration under drying soil condi-
t ions. Also, al lowing the plant to dry slowly under
RF conditions provides for expression of adaptive
responses rather than in jury responses due to fast
art i f icial drying. Under environmental conditions
that prevailed dur ing our tests, genotypes reached
only about 50-60% ground cover in the RF treat-
ment. About 5 cm of water was applied weekly to the
IR treatment, and 100% ground cover was reached
in about 80 D A S .
Water-relations component measurements were
made weekly between 1300 and 1500 h when solar
radiation, vapor pressure deficit, and canopy temper-
ature were near maximum. The Spanish genotype
Comet showed lower leaf , , and R W C than
the Virginia genotype Florunner (Erickson and Ket-
r ing, in press). The R F / IR ratios in Table 7 show the
more rapid physiological response of Comet to
increasing drought stress. Florunner behaved more
like its IR counterpart, and the selection OK-FH15
was much like Florunner. The genotypes were most
affected between 50 and 63 D A S , a crit ical period of
groundnut growth and development, when pegging
and pod development are occurring.
Data f rom a 2-year study were used to evaluate the
/ R W C relationship of field-grown plants. Regres-
sion analysis indicated that a cubic polynomial func-
t ion best fits the data, accounting for 62±1 % of the
total variance. This regression provided the best
correlation and the lowest standard error between
1/ and R W C for all genotypes. Table 8 shows
that the selection OK-FH15 had 1 / values similar
to both parents unt i l 80% R W C was reached, where
it was significantly different f rom both of them. At
Table 7. Genotype ratios of rainfed/ irr igated ( R F / I R ) leaf-water potential ( ) osmotic potential ( ), and relative water
content ( R W C ) for plants grown in 1983.
D A S 1 Comet
50 1.18a*
56 1.47a
63 1.60a
77 1.25a
L S D 0 . 0 5
OK-FH15
1.01b
1.39a
1.69a
1.27a
0.143
Florunner
1.07ab
1.21b
1.63a
1.29a
Comet
1.11a
1.25a
1.14a
1.09a
OK-FH15
0.96a
1.13b
1.32b
1.16a
0.18
Florunner
1.00a
1.00a
1.15a
1.08a
Comet
0.92a
0.83a
0.79a
0.76a
R W C
OK-FH15 Florunner
0.91a
0.84ab
0.87b
0.8lab
0.15
0.93a
0.92b
0.8lab
0.91b
1. DAS = days after sowing.
2. Means followed by different letters in the same row of each variable ratio are significantly different (P< 0.05).
3. Least significant difference for data columns, i.e. DAP LSD values were calculated from error-mean squares of the analysis of variance.
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75% R W C and below, there was no significant di f-
ference among the genotypes. However, over a range
of R W C f rom 95-45% the estimated difference in
was highest for Comet (2.33 MPa) , intermediate for
OK-FH15 (1.70 MPa) , and lowest for Florunner
(1.40 MPa). The more negative of Comet sug-
gests a greater relative drought tolerance for this
cultivar according to the criteria of others (Gautreau
1977, Turner 1979). Both OK-FH15 and Florunner
had lower values than Comet unt i l 85% R W C
was reached. Below 85% R W C there were no signifi-
cant differences among the genotypes. There were
no significant differences in among the genotypes
at any R W C . The genotypes approached zero turgor
at 75% R W C where was -1.76 to -1.86 MPa.
These values are somewhat lower than those reported
by Bennett et al. (1984). The predicted values for
water-potential components (1 / ), showed
highly significant correlations wi th R W C . This sug-
gests that R W C alone could be a measurement to
select genotypes for hydrat ion maintenance under
low soil-moisture conditions.
A component of R W C that could aid in maintain-
ing cell hydrat ion is apoplastic water content ( A w ) .
The Aw f ract ion of R W C was calculated according
to Zur et al. (1983). I t is possible that Aw could
contribute to hydration maintenance under drought-
stress conditions when approaches zero. Comet,
the most drought-tolerant genotype, had the largest
percentage A w . The selection OK-FH15 was inter-
mediate, and Florunner, the drought-susceptible
genotype, had the least percentage A w .
Table 9 shows a summary of the water-relation
components of Comet, OK-FH15, and Florunner.
The genotypes reached zero turgor at an average of
72% R W C (RWCo). Florunner and OK-FH15 had
lower at zero turgor ( ) and lower at fu l l turgor
( ) than Comet. Thus, they showed a somewhat
higher degree of osmotic adjustment due to drought
stress than Comet under RF conditions. Osmotic
adjustment is one means to at least maintain partial
turgor under water-deficit conditions.
Ult imately, selection of germplasm wi th drought-
tolerance traits, crossing these wi th high-yielding
but more susceptible genotypes, and selection for
both drought-tolerance and yield traits should result
in cultivars wi th improved performance under RF
conditions. Table 10 shows that in 1982 Comet
Table 9. Summary of seasonal water relations for three
groundnut genotypes.
Genotype
Comet
OK-FH15
Florunner
X
Na1
43
25
43
RWCo
(%) (MPa)
73.9a2 -1.82a
69.3a -2.01b
72.9a -1.96b
72.0 -1.93
(MPa)
-0.90a
-1.35b
-1.37b
-1.21
(MPa)
0.92a
0.66b
0.59b
0.72
1. N = number of observations, RWCo and = relative water
content and osmotic potential at zero turgor, respectively, -
osmotic potential at full turgor (100% RWC).
2. Means within a column followed by different letters are signifi-
cantly different ( P < 0.05).
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( 1 / ) 
( ) 
( ) 
R W C
Comet
OK-FH15
Florunner
Comet
OK-FH15
Florunner
Comet
OK-FH15
Florunner
9 5 %
-1.64a1
-1.07ab
-1.15b
-0.90a
-1.46b
-1.46b
0.71a
0.54a
0.56a
9 0 %
-1.20a
-0.87b
-0.94ab
-1.18a
-1.56b
-1.54b
0.45a
0.36a
0.41a
8 5 %
-0.90a
-0.73b
-0.78ab
-1.47a
-1.66b
-1.62b
0.26a
0.22a
0.27a
8 0 %
-0.69a
-0.62b
-0.66a
-1.65a
-1.76a
-1.70a
0.12a
0.12a
0.16a
7 5 %
-0.57a
-0.56a
-0.58a
-1.76a
-1.86a
-1.77a
0.02a2
0.05a
0.07a
M P a
MPa
M P a
Table 10. Yield (kg ha - 1), quality, and value ($ t -1) of three
groundnut genotypes grown under rainfed (RF) and i r r i -
gated ( IR) conditions in Oklahoma, 1982 and 1983.
1982 R F
Comet
Florunner
1983 R F
Comet
OK-FH15
Florunner
1983 IR
Comet
OK-FH15
Florunner
Yield
(kg ha-1)
684.4a2
293.1b
501.1a
441.2a
302.9a
2894.9a
4034.9b
4025.7b
S M K 1
(%)
69.3a
49.5b
15.5a
2.7b
2.2b
68.7a
71.3a
68.8a
Value
($ t -1)
605.80a
444.80b
159.30a
58.48b
50.64b
538.69a
559.49a
539.17a
1. SMK+SS = Sound mature kernels plus sound splits.
2. Means within a column for the same year and RF or IR followed
by different letters are significantly different (P < 0.05).
yielded significantly more than Florunner under
RF . In 1983 there were no significant differences
among the genotypes under RF , but the selection
OK-FH15 was intermediate between the parents.
However Comet, probably due to earlier maturi ty,
had a higher percentage of SMK+SS (sound mature
kernels plus sound splits). Both runner types yielded
more than Comet under IR . The selection OK-FH15
has good yield potential under IR and somewhat
better yield than the susceptible parent Florunner
under RF. Although OK-FH15 was originally selected
for plant type (runner) and yield, it possesses some of
the drought-tolerance traits of Comet and may prove
useful in further breeding for drought tolerance.
Conclusions
There are many aspects to improving the yield
potential of crop plants to stress environments
through physiology. Techniques are needed that can
assess the progress of physiological traits related to
temperature and drought stress dur ing breeding and
selection. Heat-tolerance tests in controlled envi-
ronments could prove useful for advanced breeding
lines, while the in v i t ro leaf-disc method could be
used with larger plant populations as well as advanced
lines. Extensive root systems combined with the abil-
i ty to extract moisture under soil-moisture deficits
can delay dehydration and prolong the effective
productive period. Diverse rooting traits and ability
to extract moisture under drying conditions have
been identif ied. Both of these can be evaluated at the
seedling stage of early and advanced breeding lines.
The water-relations component that seems most
directly related to cell hydrat ion is relative water
content (RWC). Other factors such as osmotic
adjustment and apoplastic water content contribute
to cell turgor through maintaining high RWC. R W C
can be readily measured for large plant populations.
A selection OK- FH15 f rom Comet x Florunner has
attributes of both parents, which indicates that traits
for heat and drought tolerance are genetically trans-
ferable.
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Climatic Requirements of Groundnut
Discussion
N . R. Y a o :
I am a l i t t l e surpr ised t ha t D r . O n g ta l ks abou t the
c l i m a t i c fac to rs t h a t af fect the pheno logy o f g r o u n d -
n u t b u t has n o t covered a n y t h i n g on p h o t o p e r i o d .
W h a t are the effects o f p h o t o p e r i o d on pheno logy
and the in te rac t ions between p h o t o p e r i o d and phe-
n o l o g y because these t w o are somet imes related?
C. K. Ong:
Th i s is a very app rop r i a te ques t ion . T h e l i te ra tu re on
p h o t o p e r i o d and tempera tu re is very con fus ing
because we n o w k n o w tha t genotypes are very
i m p o r t a n t . Some genotypes can have greater y ie ld in
l o n g days and some have d o u b l e the y ie ld i n sho r t
days. So we have to be very care fu l . I f y o u l o o k a t the
tempera tu re responses, y o u can have d i f fe rent base
tempera tu res , and d i f fe ren t o p t i m u m tempera tures .
The re is a l o t o f l i t e ra tu re ava i lab le b u t we shou ld be
carefu l in so r t i ng ou t effects.
E. T . Kanemasu:
On y o u r sl ide s h o w i n g t h e r m a l g r o w t h ra te , I d i d n o t
qu i t e unders tand h o w ca lcu la t ions were done f o r a l l
the exper iments . C o u l d y o u exp la i n some details?
C. K. Ong:
F o r mos t o f these exper iments 1 referred t o , there are
d a t a on c r o p - g r o w t h rates. Y o u can calcu late the
c r o p - g r o w t h rate d u r i n g the rep roduc t i ve phase o r
p o d - f i l l i n g phase, and then d i v ide tha t by the mean
tempera tu re m i n u s the base tempera tu re . I have
used 10°C as base tempera tu re .
K. J . Boote:
I w o u l d l i ke to pursue the same ques t i on . I w o n d e r i f
i t w o r k s because of some co inc idence. I unde rs tand
t h e r m a l c r o p - g r o w t h ra te . B u t isn ' t r e la t i ng p o d
n u m b e r per m 2 , a c a r r y i n g capac i ty in ef fect , t ha t is ,
p o d numbers af ter i t has establ ished a p o d load? I t
m a y be a chance t ha t t hey have r o u g h l y s im i l a r
requ i rements per f r u i t per day .
C . K. Ong:
I agree t ha t i t is p r o b a b l y p rema tu re to say t ha t i t
appl ies t o a l l c rops i n a l l coun t r i es . B u t we were
g iven the impress ion t ha t i t w o r k e d f o r a l l expe r i -
ments . We s t i l l need to l o o k i n t o th is very care fu l l y . I 
w o u l d l i ke t o test th is f u r t h u r , perhaps us ing d a t a
f r o m F l o r i d a . I t w o r k s f o r ma ize , s o r g h u m , a n d
mi l l e t . I d o n ' t k n o w i f t h a t i s some express ion o f
supp l y and d e m a n d of ass imi la te a t a c ruc ia l stage.
R. E . Lynch:
Y o u m e n t i o n e d t ha t the effects o f f o l i a r diseases i n
y o u r ca lcu la t ions m a y be m o r e i m p o r t a n t t h a n wate r
o r r a i n f a l l . D o n ' t y o u feel also t h a t insect damage
can have the same re la t i onsh ip to p l a n t g row th?
P r e l i m i n a r y w o r k done a t Geo rg ia shows tha t leaf
hoppe r o r jass id damage can cu t resp i ra t i on rates
a lmos t t o zero ; g r o w t h then w o u l d be a lmos t zero.
C. Dancette:
In the last s l ide s h o w i n g research needs, are the
pr io r i t i es ar ranged i n o rder o f impor tance? D o y o u
t h i n k t empera tu re w o u l d be a research p r i o r i t y
unde r ra in fed cond i t i ons i n West A f r i ca?
C. K. Ong:
I t h i n k so i l t empera tu re d u r i n g g e r m i n a t i o n a n d
p o d - f i l l i n g m a y b e very i m p o r t a n t i n West A f r i c a b u t
I do n o t have any so i l - tempera tu re da t a to j u s t i f y
th is . A t I C R I S A T Center where tempera tu re i s
m u c h l owe r t h a n i n par ts o f the Sahel , so i l t empera -
tures c o m m o n l y exceed 3 5 °C d u r i n g d r y per iods.
J . J . Owonubi :
A c o m m e n t on w h a t has j u s t been sa id . A c t u a l l y i t
w o u l d depend o n the t ime a t w h i c h y o u are e x a m i n -
i n g i n the West A f r i c a n subreg ion . I f y o u are l o o k i n g
a t g r o u n d n u t d u r i n g the d r y season, h i g h so i l
tempera tures m a y become a m a j o r fac to r . B u t d u r -
i n g the r a i n y season, ou r exper ience in N ige r i a shows
t h a t y o u m a y ac tua l l y have p rob lems w i t h l o w
temperatures .
C. K. Ong:
T h i s i s a ve ry g o o d r e m a r k . F o r examp le , w i t h
s o r g h u m in some areas, l o w so i l tempera tu res are a 
p r o b l e m . T h i s has been i l l us t ra ted f o r Z i m b a b w e by
D r . W i l l i a m s .
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S . M . V i rman i :
I was ve ry m u c h encouraged by y o u r remarks on
d r o u g h t . I t h i n k w i t h the i n i t i a l w o r k t h a t we have
done a t I C R I S A T Cente r , w e s h o u l d n o w sp l i t
d r o u g h t w o r k i n t o tempera tu re and wate r response
and l o o k a t these t w o separately.
C . E . Simpson:
Some w i l d species have g r o w t h cycles shor te r t h a n
cu l t i va ted g r o u n d n u t var iet ies.
R . W . Gibbons:
a. I t h i n k t h a t b reed ing f o r earl iness is de f in i te l y
necessary. By us ing C h i c o , w h i c h has sma l l seeds, i t
i s possible by n o r m a l b reed ing procedures to increase
seed size w i t h o u t reso r t i ng to backcross ing . Th i s has
been done a t I C R I S A T Center and i n O k l a h o m a .
b . We s h o u l d also l o o k a t p h o t o p e r i o d effects. We
have some p r e l i m i n a r y evidence tha t a l t h o u g h C h i c o
is e x t r e m e l y ear ly in I n d i a , some 70-75 days, p r e l i -
m i n a r y results f r o m Bo tswana show tha t i t i s la ter
t h a n some Spanish cu l t i vars g r o w n i n t ha t c o u n t r y .
c . We s h o u l d also be ca re fu l a b o u t C h i c o because
there are qu i t e a l o t o f va r i a t i ons w i t h i n i t . M a n y
cu l t i va rs are ca l led C h i c o . We have a n u m b e r o f
accessions o f C h i c o a t I C R I S A T Center and they do
v a r y qu i te a b i t .
d . T h e r e are o the r sources o f earl iness t h a n C h i c o .
T h e g e r m p l a s m has no t been exp lo i t ed so far . There
are some Spanish cu l t i va rs t h a t have bet ter ag ro -
n o m i c character is t ics t h a n C h i c o . I t h i n k we have
n o t exp lo i t ed the Valencia g r o u n d n u t . We have
always l o o k e d a t the Spanish va r ie ty . F o r ear l ier
types, Valencia ho lds p romise .
e. As f a r as mutogenesis is concerned , we have done
some w o r k a t I C R I S A T Cen te r us ing C h i c o and
some o f the ear ly der iva t ives , and t reated t h e m w i t h
chemica l mutogens . We canno t say whe ther th is has
been successful so fa r .
f . A c o m m e n t on y o u r recur ren t b reed ing p r o g r a m . I 
t h i n k i t i s an exce l lent idea. I t has been e x p l o i t e d i n
the U.S . in V i r g i n i a . I t is n o t easy because a n u m b e r
o f crosses need to be made a n d cross ing is n o t easy in
g r o u n d n u t . I t h i n k the essential t h i n g is to get m o r e
t h a n one genera t ion i n a year. I n N o r t h C a r o l i n a , f o r
e x a m p l e , they g r o w the progenies i n the f i e ld d u r i n g
the r a i n y season, g r o w a p o p u l a t i o n in the green-
house d u r i n g a second season, and t h e n they send the
nurser ies to P u e r t o R i c o d u r i n g w i n t e r a n d get a 
t h i r d genera t ion . Because peanuts are se l f -po l l ina ted ,
recu r ren t select ion i s d i f f i c u l t , b u t ho lds p rom ise i f
y o u have the t i m e a n d resources.
J. L. Khal faoui :
T h e m e t h o d we have adop ted consists o f ra is ing an
of f -season gene ra t i on in B o t s w a n a to ensure F 2 seed
p r o d u c t i o n w h i c h i s used f o r select ion d u r i n g the
ra i ny season in Senegal.
R. W. Gibbons:
I t depends on the o ther parents t h a t y o u use. We
have some l ines tha t w i l l m a t u r e at the same t i m e as
C h i c o . W h a t y o u have t o l o o k f o r i s the e c o n o m i c
y ie ld in a ce r ta in g r o w t h p e r i o d . We have used a 
staggered harves t ing system. W h a t y o u mus t l o o k
f o r i s the m a x i m u m n u m b e r o f ma tu re kernels t ha t
y o u get a t the same t i m e as C h i c o . I t h i n k y o u can
exceed the y ie ld o f C h i c o in 75 days us ing some o f
the hyb r i ds .
J . L . Khal faoui :
We are cross ing C h i c o t h r o u g h pedigree select ion.
B u t in these p r o g r a m s and f o r reasons I a l ready
m e n t i o n e d , we have l i t t l e hope o f o b t a i n i n g var iet ies
as ear ly as C h i c o . W h a t we do have are i n te rmed ia te
cycles of 80 to 85 days.
R. W. Gibbons:
P r e l i m i n a r y exper ience shows t h a t i n the Bo t swana
reg ion y o u m a y get p h o t o p e r i o d i c effects. Y o u r
select ion in t ha t cycle m a y n o t be f o r earl iness. I 
t h i n k y o u m a y have t o f i n d an area tha t m a y give y o u
a p h o t o p e r i o d i c effect s im i la r to Senegal.
J . H . Wi l l iams:
a. In the select ion f o r ear l iness, we see var iet ies t h a t
g ive an apprec iab le y ie ld a t 70 days , b u t they have
the a b i l i t y t o ca r r y o n a d d i n g t o t ha t y i e l d . S o y o u
have a var ie ty or a system w h i c h has a f lex ib le m a t u r -
i t y p e r i o d . I t i s n o t reach ing w h a t w o u l d be classi-
ca l l y ca l led a ma tu re c r o p . I t is g i v i ng the f a rme r
s o m e t h i n g ve ry ear l y and has the a b i l i t y t o respond
to added season leng th i f i t is ava i lab le . I t h i n k th is
f l e x i b i l i t y w i t h i n the system has cons iderab le m e r i t
w h e n y o u see the va r i ab i l i t y in the env i ronmen t .
b . O n e o f the m a i n a t t r ibu tes o f Valencia i s t ha t they
have lo ts o f kernels i n each p o d and one o f the m a j o r
advantages i s t ha t they can , by v i r t u e o f th i s , very
r a p i d l y establ ish the s ink t ha t they are g o i n g to f i l l .
T h i s means t ha t w i t h i n the con tex t o f es tab l ish ing
earl iness, they have the advantage tha t a few pods
can have tw ice the s ink effect t h a t the same n u m b e r
o f pods on a Spanish type w o u l d have.
J . L . Khal faoui :
R o o t i n g i s an essential mechan i sm in the sense t ha t i t
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con t ro l s wa te r supp ly . I t i s also t rue t h a t wa te r sav-
i n g , to l i m i t t r a n s p i r a t i o n , i s essential under d r o u g h t
cond i t i ons .
M . Frere:
As y o u have men t i oned , t r ansp i r a t i on is a del icate
t ra i t t o de te rmine f o r d r o u g h t a d a p t a t i o n . W e ra ther
bel ieve i n characters associated w i t h r o o t i n g , n o t
o n l y f o r g r o u n d n u t b u t also f o r o ther c rops.
C. K. Ong:
I w o u l d l i ke to respond to D r . Frere's r e m a r k a b o u t
l o o k i n g f o r deep - roo t i ng var iet ies. A t I C R I S A T
Center we have n o w establ ished a so i l -dep th g ra -
d ien t w h i c h a l lows y o u t o l o o k a t deep- roo ted c u l -
t i va rs w i t h o u t ac tua l l y l o o k i n g a t roo ts . I f y o u have
a g rad ien t f r o m 0.5-2 m f o r ins tance, and a c u l t i v a r
fares bet ter at 1.5 m w h e n c o m p a r e d to o thers , t hen
we can select th is easi ly w i t h o u t h a v i n g to ex t rac t the
roo ts .
C.E. Simpson:
W i t h regard t o y o u r backc ross ing p r o g r a m , m y
c o m m e n t relates f i r s t as a c a u t i o n and second as an
encouragement . T h e c a u t i o n relates t o w h a t R o n
G i b b o n s sa id : be very ce r ta in o f y o u r se lect ion c r i te -
r i a f o r y o u r parents . I 'm sure the backcross ing p r o -
g r a m w i t h Arachis can be a success.
C. K. Ong:
C o u l d y o u star t the screening f o r the heat to lerance
m u c h ear l ier t h a n 56 days af ter sowing?
D . L . Ketr ing:
One of the reasons I d o n ' t s tar t ear l ie r is because the
p lan ts are t o o sma l l . We can ' t get suf f ic ient leaf
ma te r i a l to test.
C. K. Ong:
T h e w o r k o n heat to lerance w i t h s o r g h u m indicates
t h a t the e n v i r o n m e n t d u r i n g seed m a t u r a t i o n has a 
p r o f o u n d effect on seedl ing heat to lerance. Do we
have th is evidence f o r g roundnu t?
D . L . Ketr ing:
We have n o t l o o k e d a t tha t .
J . J . Owonubi :
Y o u have t a k e n a close l o o k a t p l a n t h y d r a t i o n and
heat to lerance together . A r e these n o t re lated in any
w a y t o d r o u g h t tolerance?
D. L . Ketr ing:
I t h i n k we are in a s i t u a t i o n where we have a c o n -
f o u n d i n g re la t ionsh ip between heat and d r o u g h t t o l -
erance. I t h i n k we have to l o o k a t b o t h o f these in
o rder to come up w i t h a va r ie ty tha t is to le ran t to
b o t h e n v i r o n m e n t a l extremes.
J . J . Owonubi :
I no t ice t ha t y o u t o o k canopy temperatures. W e r e
y o u able t o l o o k a t canopy tempera tures o f d i f fe ren t
variet ies?
D. L . Ketr ing:
We d i d th is f o r 2 years bu t f o u n d no s ign i f icant
di f ferences between genotypes. We f o u n d s ign i f icant
di f ferences between the i r r i ga ted and ra in fed t reat -
ments . I f we inc lude the vapor-pressure def ic i t as is
be ing done w i t h the recent me thods o f l o o k i n g a t
canopy temperatures as exp la ined by D r . K a n e -
m a s u , I t h i n k we m a y come up w i t h some th i ng bet-
ter.
J . H . Wi l l iams:
Y o u have measured roo ts in a large n u m b e r o f
g r o u n d n u t var iet ies. W o u l d y o u care t o c o m m e n t
a b o u t the re la t ionsh ips o r benef i ts t ha t y o u m i g h t
see t ha t are associated w i t h the r o o t i n g pat terns in
terms o f the a m o u n t o f wa te r ex t rac ted by the p lant?
D. L . Ketr ing:
We measured lengths, n u m b e r s , vo l umes , and d r y
we igh ts . We a t tempted to use the n e u t r o n p robe i n
the f ie ld to see i f we can f ind s ign i f icant di f ferences
between genotypes. W e c o m p a r e d p lan ts w i t h l o n g
roo ts w i t h large vo lumes and large numbers o f roo ts .
U n d e r the compac t so i l cond i t i ons w i t h w h i c h we are
w o r k i n g , I have n o t been able to see any s ign i f i can t
di f ferences a m o n g any o f the factors we are l o o k i n g
at. T h e o n l y encourag ing aspect is the di f ferences in
the a b i l i t y to t r anspo r t wa te r t h r o u g h the stems, i.e.,
increased sap f l o w under stress cond i t i ons .
N . R. Y a o :
M y ques t ion i s abou t me thodo logy . Y o u men t i oned
t h a t y o u used c o n t r o l tubes i n a n area where y o u d i d
n o t have any p lan ts . H o w m a n y rep l i ca t ions d i d y o u
have to ensure t h a t y o u had the same water content?
D. L . Ketr ing:
W e p u t one c o n t r o l tube i n each b l o c k . T h e p lo ts
were 30 by 80 f t . w ide .
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R. W. Gibbons:
D i d y o u a t t emp t t o cor re la te the r o o t g r o w t h and
r o o t v o l u m e i n the tubes t o the g r o w t h o f the c u l t i -
vars in the soil?
D. L . Ketr ing:
We measured t h e m i n t w o d i f fe ren t places.
C . K. Ong:
I f y o u were t a l k i n g a b o u t a so i l t h a t has a l o w
a m o u n t o f water , I do n o t t h i n k i t makes any d i f fe r -
ence even i f y o u have deep- roo t i ng cu l t i vars . T h e y
w i l l get a l l the wa te r ou t . Perhaps y o u w i l l see b igger
di f ferences in a deeper so i l .
D. L . Ketr ing:
I n F l o r i d a , r oo t s were s h o w n t o g o u p t o 240 c m i n
a p p r o x i m a t e l y 120-130 days. They g r o w deeper in
sandy soi ls. In heavy clay soi ls, r o o t i n g potent ia ls do
n o t show u p .
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Abstract
Aflatoxin , Rosette, and Groundnut Rust—the Climatic Environment that Promotes their Pre-
sence and Development: The development of plant diseases is often linked to different climatic 
factors. These diseases are caused by living organisms that depend on climatic factors to grow, 
multiply, and propagate either directly or through hosts. 
1. Ingenieur de recherche, IRHO/CIRAD, Ouagadougou, Burkina Faso.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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The paper deals with three groundnut diseases in West Africa that are detrimental to yields and 
quality of this crop. 
The infection of pods and seeds by a fungus Asper ig i l l us f lavus L. that generates aflatoxin, a 
harmful substance for human and animal consumption, is linked to climatic factors. Field 
infection is increased by drought at the end of the growing cycle. 
Rosette is a virus disease transmitted by an aphid. Its development and propagation are directly 
related to those of the insect, which in turn result from well-defined climatic conditions, notably 
temperature and humidity. 
Groundnut rust, a fairly recent but fast-developing disease in West Africa, is also caused by a 
fungus, Pucc in i a arachid is S. This fungus has, however, a short viability period for its deve lop-
ment in tropical climate. The spread of uredospores, their release, and transport by the wind and 
the conditions for infection are presented. Till now no intermediary host has been identified, 
which could explain the permanent existence of infection sources near cropped areas. The present 
hypothesis is that this disease is transmitted only through the continuous presence of groundnut 
stalks in the field, by regermination of the crop, or through interseason crops. 
A good knowledge of the agroclimatic environment that affects these diseases, well defined for 
certain parameters, facilitates assessment of risks and of the need to take protective measures. It 
also cuts down the loss caused by these diseases through appropriate cropping methods, so that 
the parasites do not encounter satisfactory conditions for their development on these plants. This 
is, however, an interim solution that awaits the use of resistant varieties, the only really effective 
method of control that could be employed by all farmers. 
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Incidence of Af la tox in in Groundnuts as
Influenced by Seasonal Changes in Environmental
Condi t ions—A Review1
R . E . Pet t i t 2
Abstract
This paper reviews the influence of changing environmental conditions on the activity of Asper-
g i l lus f lavus and / or Asperg i l lus parasi t icus on groundnuts. Aflatoxin contamination of g r o u n d -
nuts, a serious problem in the warm to hot subtropical moist regions of the world, is more serious 
during and following alternating dry and wet periods, i.e., droughts followed by showers. When 
temperatures range from 20-35°C and the relative humidity in the pod microenvironment ranges 
from 85-95%, fungal growth and aflatoxin production is favored. Invasion of groundnut can 
occur during flower and peg formation, gradually as the pods mature, and rapidly as the pods 
become overmature. Mature intact pods with thick sclerotized cellular components, and kernels 
with compact seed coats (testa) are less susceptible. Alternating dry and wet periods may slow pod 
development, cause pod cracking, favor insects, nematodes, and pod rot fungi which damage the 
pod, thus increasing kernel susceptibility. The most economical solution is to develop groundnut 
varieties with flowers, pegs, and pods that resist fungal invasion, and pods and kernels that 
remain intact during changing environmental conditions. In addition, aflatoxin contamination 
can be reduced by harvesting to a void moist environmental conditions during curing, and sorting 
out insect- and mold-damaged kernels by hand or electronically. 
1. Research supported by USAID Grant Number DAN 4048-G-SS-2065-00 Collaborative Research Support Program(CRSP) on Myco-
toxin Management in Peanuts by Prevention of Contamination and Monitoring and the Texas Agricultural Experiment Station, Texas
A&M University System, College Station, Texas 77843, USA.
2. Associate Professor, Department of Plant Pathology and Microbiology, Texas A&M University, College Station, Texas 77843, USA.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeoroiogy of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India; ICRISAT.
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I n t r o d u c t i o n
Af la tox in contamination of groundnut (Arachis 
hypogaea L.), caused by the growth of Aspergillus 
flavus L ink ex Fries and/or Aspergillus parasiticus 
Spear, continues to be a serious problem to ground-
nut producers, industrial processors of groundnut,
and consumers. Because of the complex nature of
the problem a series of product ion, curing, and han-
dl ing techniques wi l l be required to prevent afla-
tox in contamination. A series of economically feasi-
ble procedures should be implemented to help
reduce the chances of contamination during produc-
t ion and drying, all moldy and insect-damaged ker-
nels should be sorted out by hand or electronically,
and products contaminated with aflatoxin should be
treated to destroy the toxin.
The af latoxin problem is more serious in geogra-
phical regions considered to be subtropical or t ropi -
cal because of the warm to hot temperatures and
variations in moisture levels that favor growth of
these Aspergill i. Temperature and moisture varia-
tions are controlled by larger weather patterns that
influence wind velocity and direction, radiation
intensity as influenced by cloud cover and air com-
posit ion, atmospheric relative humidity, and the
frequency and amount of precipitation. Changes in
climatic conditions during the growing season, in
combination wi th the soil's edaphic characteristics,
and the activity of a constantly changing biotic
community, create the environment in which the
groundnut plant parts and the Aspergill i develop.
The extent to which the groundnut plant parts are
invaded by the Aspergil l i , and the levels of af latoxin
that accumulate wi th in the kernels are determined
by a combination of environmental conditions which
favor mold growth, and the time span during which
these conditions persist.
Researchers have for many years worked on defin-
ing the sequence of events that favor the growth of
the Aspergil l i and the most opt imum conditions for
af latoxin product ion. Wi th in this paper the author
has reviewed several published reports on af latoxin
research and hypothesized some events that in f lu -
ence the A. flavus group of fungi to infest groundnut
kernels and produce af latoxin. Each hypothesis is
based on the present state of knowledge or ignor-
ance, thus must be tested, not accepted. Some hypo-
theses may be proven incorrect. In this review sev-
eral excellent publications have been omitted because
of the l imited space, for this I apologize to the
authors.
In the paper several synonymous terms are used
interchangeably because of their common usage in
different parts of the wor ld. Some of these are: pod
and shell, kernel and seed, testa and seed coat, dig-
ging and l i f t ing, and curing and drying.
A f l a t o x i n C o n t a m i n a t i o n D u r i n g
G r o u n d n u t P r o d u c t i o n
Aspergillus flavus and A. parasiticus (referred to as
the A. flavus group) are common saprophytic fungi
found in soils throughout the major groundnut-
producing areas of the world (Joffe and Borut 1966,
Pettit et al. 1973, Gr i f f in and Garren 1974, McDo-
nald 1969, and Barns 1971). These fungi survive in
the soil in the form of sclerotia, conidia, and mycelial
strands found in association wi th crop residues. The
incidence of the A. flavus group of fungi in the soil is
influenced by the soil type, cropping history, organic-
matter content, water-holding capacity, actual soil
moisture, and seasonal temperatures (Menon and
Will iams 1957, Joffe 1969, Angel et al. 1982). Crop
residues of corn (maize) and groundnut favor a rela-
tively high incidence of A. flavus group of fungi
(Pettit et al. 1973, Angle et al. 1982, Gr i f f in et al.
1981). In soils where temperatures are relatively high
during the growing season the isolation frequency
has been reported as high as 1.5 x 105 propagules g-1
of groundnut soil (Bell and Crawford 1967), up to
2.8 x 102 propagules g-1 of corn soil in Missouri
(Angle et al. 1982), and 57 propagules g-1 of ground-
nut soil in Virginia (Gr i f f in and Garren 1974). Rec-
overy rate of A. flavus group of fungi is obviously
related to the isolation technique. The addit ion of
Botran to a selective medium can increase the isola-
t ion frequency by inhibit ing other fungi (Bell and
Crawford 1967).
The incidence of A. flavus group of fungi is fre-
quently quite variable wi th in given producers' fields.
Groundnut producers frequently note 'hot spots'
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where they observe A. flavus activity. Examination
of the soil f rom these hot spots using the soil-dilution
technique has revealed high levels of A. flavus 
(Taber and Pettit, Texas A & M University, USA,
unpublished). The incidence of A. flavus is noted to
increase wi th in the soil on organic matter early in the
spring. Examinat ion of groundnut plants grown in
soils w i th high A. flavus has indicated that invasion
of various plant parts can occur throughout the
growing season. The extent to which such invasion
occurs appears to be related to the environmental
conditions (Diener et al. 1982). It is believed that soil
moisture ( l iquid water and water vapor in the soil
atmosphere), soil temperature, and possibly the
composit ion of the gaseous atmosphere (other than
water vapor) influence the activity of these fungi. In
general, those environmental conditions that favor
groundnut growth help the plant maintain its defense
mechanisms against these weakly parasitic fungi and
favor the activity of other soil microorganisms.
However, daily and weekly changes in the soil-
moisture levels and changes in the temperature
wi th in the top few cm of the soil can periodically
provide ideal conditions for A. flavus growth.
Temperatures in the range of 20-35° C and relative
humidities in the range of 85-98% favor A. flavus 
activity (Diener 1973, Diener et al. 1982).
Results f rom experiments where groundnuts were
grown under controlled-environment conditions,
defined as gnotobiotic, w i th attempts made to steril-
ize all equipment and isolators used, have provided
additional insights into conditions that favor A. fla-
vus invasion of groundnut plant parts. The tempera-
ture wi th in the isolators was controlled at 29-31°C
wi th the lights on, and at 22-24°C wi th the lights off.
A diurnal cycle of 16 h l ight and 8 h dark was
maintained throughout the experiment. The relative
humidity ranged f rom 70-90% (Lindsey 1970, Wells
et al. 1972). Aspergillus flavus readily invaded
immature pods, mature pericarps, and testae. When
Trichoderma viride pers. ex Frs. was introduced into
the pott ing mix it reduced colonization of immature
and mature pericarps by A. flavus. The addition of
Penicillium foniculosum Thom. not only nullif ied
this anagonistic effect, but also appeared to stimu-
late colonization of mature groundnut pericarps and
testa by A. flavus (Wells et al. 1972). Throughout
these experiments A. flavus caused no significant
disease symptoms and groundnut embryos exhi-
bited only l imited invasion. In order to determine
why the embryos were not readily invaded, acetone
extracts were made f rom freshly harvested ground-
nut seed embryos. Chemical analysis revealed the
presence of three different phenolic-like compounds
that inhibited the growth of A. flavus in culture
(Lindsey and Turner 1975). When noninjured em-
bryos f rom cured seeds were inoculated wi th A 
flavus there was no growth inhibi t ion. These obser-
vations indicate that immature developing embryos
contain active compounds that play a role in protect-
ing young embryos f rom fungal infection. When
embryos of freshly harvested groundnut seed were
treated chemically (with acetone, ether, or methanol)
or thermally (placed in boi l ing water), A. flavus 
rapidly colonized these damaged embryos.
Field-grown groundnut flowers, pegs, and young
developing pods have been reported to be colonized
by a large number of different fungi. Aspergillus 
flavus has been isolated f rom 7% of washed ground-
nut flowers and 1.5% of washed aerial pegs (Gr i f f in
and Garren 1976a). Inoculation of dry conidia to
aerial portions of greenhouse-grown groundnut pegs
resulted in a low percentage of spore germinations
(Gri f f in 1972). Under field conditions Gr i f f in and
Garren (1976b) observed A. flavus propagative units
splashed on the agar surface of petri plates posit i-
oned against groundnut stems during a hard rain.
Based on this observation they hypothesized that
inoculation of groundnut flowers by A. flavus may
result f rom rain-splashed infested soil. In earlier stu-
dies Hanl in (1969) reported that young groundnut
pegs harvested before they enter the soil, surface-
sterilized wi th sodium hypochlorite, then plated on
nutrient media, contained up to 6% A. flavus 
infestation.
Based on these reports and others the author
hyphothesizes that A. flavus can infect groundnut
flowers, pegs, and young developing pods early in
the growing season and that the fungus becomes
quiescent or develops a resting state which persists
dur ing pod and kernel maturation. The isolation of
A. flavus in this quiescent state appears to be d i f f i -
cult. Improved isolation procedures, which avoid
the use of sodium hypochlorite surface sterilization
and make use of selective isolation media, could help
provide needed insights into the ecological status of
A. flavus during kernel formation.
As groundnut pods approach maturity within the
soil, a relatively high incidence of A. flavus can be
noticed, especially when the groundnuts are grown
under drought-stress conditions (Nor ton et al. 1956,
Hanl in 1970, McDonald 1970, Dickens et al. 1973,
Subrahmanyam and Rao 1974, and Davidson et al.
1983). Hanl in in 1970 reported that the incidence of
A. flavus in freshly dug groundnut seed, 100 days
after sowing (DAS) in Georgia, was 11-14%. Sixty
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days later the incidence of A. flavus decreased to
6-7%.
In studies in Texas the isolation frequency of A 
flavus and levels of af latoxin in freshly dug Starr
groundnut kernels harvested f rom dryland (rainfed)
and irrigated plots f rom 1967 to 1969 revealed that
climate had a significant influence on A. flavus activ-
i ty (Tables 1 and 2) (Pettit et al. 1971). The incidence
of A. flavus was highest in those kernels f r om dry-
land plots in south Texas in 1967 and 1969, years
during which moderate and severe droughts occurred.
In 1968 rainfal l dur ing the growing season helped
maintain vigorous nonstressed plants. Dur ing the
two years of drought (1967 and 1969) aflatoxin levels
in freshly dug kernels harvested f rom dryland plots
120 and 130 D A S averaged f rom 694-10240 ppb
aflatoxin. In adjacent irrigated plots freshly dug
kernels harvested 120 and 130 D A S had A. flavus 
infestation levels of 4-20%. However, only 0 to trace
amounts of af latoxin were detected in these samples.
In comparison, the isolation frequency of A. fla-
vusin freshly dug kernels f rom nor th Texas (Table 2)
averaged less than 5% during the 3-year period.
Max imum aflatoxin levels were detected in kernels
f rom the dryland plots, where a max imum of 24 ppb
aflatoxin occurred.
More recently, field-scale studies in Georgia were
established to determine the extent to which A. fla-
vus infestation occurred in the kernels f rom the
groundnut varieties Sunbelt Runner and Florunner.
The incidence of A. flavus in freshly dug sound
mature kernels (SMK) , harvested 110 and 116 D A S ,
f rom three growers' fields which experienced no,
moderate, and severe drought stresses averaged 32%
, 40% , and 42% infestation respectively. Af la tox in
contamination of comparable freshly dug kernels,
110 and 116 D A S , f rom the no, moderate, and severe
drought-stressed fields averaged 6, 73, and 444 ppb
aflatoxin respectively (Davidson et al. 1983).
These studies have provided evidence that A. fla-
Table 1. Isolation frequency of Aspergillus flavus and af latoxin detected in freshly dug Starr groundnut kernels harvested
near Yoakum, south Texas, 1967-1969.
Year
1967
1968
1969
120'
A.
flavus
(%)
(11)
(-)2
(21)
Dryland treatment
Afla-
tox in
(ppb)
649
Tr
10 240
A.
flavus
(%)
(12)
(-)
(28)
130
A n a -
toxin
(ppb)
960
Tr
4601
A.
flavus
(%)
(0)
(-)
(20)
Irrigated treatment
120
Ana-
toxin
(ppb)
T r
3
0
130
A.
flavus
(%)
(4)
(-)
(16)
A n a -
toxin
(ppb)
0
2
Tr
1. Number of days after sowing.
2. (-) Isolation frequency less than 2%.
Source: Pettit et al. 1971.
Table 2. Isolation frequency of Aspergillus flavus and af latoxin detected in freshly dug Starr groundnut kernels harvested
near Stephenville, nor th Texas, 1967-1969.
Year
1967
1968
1969
120'
A
flavus
(%)
(3)
(5)
Dryland treatment
Af la -
tox in
(ppb)
0
T r
0
A.
flavus
(%)
(2)
(-)
(2)
130
Af la -
tox in
(ppb)
24
T r
0
A
flavus
(%)
(1)
(-)
(0)
Irrigated treatment
120
Af la -
tox in
(ppb)
0
0
0
130
A
flavus
(%)
(1)
(-)
(0)
A f la -
tox in
(ppb)
T r
Tr
0
1. Number of days after sowing.
2. (-) Isolation frequency less than 2%.
Source: Pettit et al. 1971.
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vus grows in soils w i th sufficient soil moisture to
produce a groundnut crop and in soils where varying
levels of drought stress have occurred. Invasion of
groundnut pods and seeds may occur pr ior to d ig-
ging when the pods are approaching maturity. Peri-
ods of drought in association wi th warm to hot
temperatures can increase the chances of A. flavus
invasion and af latoxin contamination. Periods of
drought that result in soil dry ing to the extent that
the groundnuts dry in the soil before harvest, f o l -
lowed by as l i t t le as 20 mm of rain, can cause the
groundnut kernels to swell, crack the pods, and
allow invasion of the groundnut testa and embryos
(Graham 1982).
Recent reports f rom research conducted at the
U S D A climate-control plots near Dawson, Georgia,
have provided addit ional insights concerning the
influence of soil-moisture levels on the extent of A 
flavus infestation and aflatoxin contamination (Cole
et al. 1982, H i l l et al. 1983). A port ion of the data
collected in 1980, f rom the use of these climate-
controlled plots, is summarized in Table 3. In
general these results indicate that neither tempera-
ture nor drought stress alone exert a primary in f lu-
ence on the degree of infestation and amount of
af latoxin contamination. Kernels harvested f rom
those treatments wi th the greatest drought stress (1.8
and 2.1 MPa) contained the highest af latoxin levels,
243-9234 ppb aflatoxin and 0-214 ppb af latoxin
respectively. Kernels harvested f rom the two treat-
ments w i th the lower soil-moisture levels (0;3 and 0.8
MPa) were infested wi th A. flavus(7-42%), however,
af latoxin levels were much lower, f rom 0-122 ppb
(H i l l et al. 1983).
A f l a t o x i n C o n t a m i n a t i o n D u r i n g
F i e l d C u r i n g a n d D r y i n g
At the t ime of harvest, when a major i ty of the
groundnut pods have matured, they contain a com-
plex of microorganisms, termed the endogeocarpic
microf lora, several of which are capable of causing
mycotoxin contamination (Garren et al. 1969). Once
these infested groundnut pods are lifted f rom the
soil, in order to permit curing and drying, they are
subjected to rapidly changing environmental condi-
tions that cause shifts in the dominant and subdomi-
nant fungal species present on and wi th in the pods.
In order to reduce the potential for af latoxin con-
tamination (fol lowing l i f t ing), the groundnut pro-
ducer must make every effort possible to prevent the
endogeocarpic mycoflora f rom becoming active.
Preferably the mycoflora should be kept in a stable
or quiescent state.
Climatic conditions dur ing curing and drying
have a pronounced influence on the rate of pod and
kernel drying and the extent to which A. flavus and
other fungi can cause damage. The terms curing and
drying have been defined as two distinct phases of
Table 3. Colonization of Florunner groundnut kernels and levels of af latoxin contamination as influenced by soil
temperature and soil moisture.
Treatment
and kernel
grade
Dryland-edible
Dryland-other
Irrigated heated-edible
Irrigated heated-other
Dry land cooled-edible
Dryland cooled-other
Irrigated-edible
Irrigated-other
Source: Hill et al. 1983.
Soil
M i n
22
22
30
30
20
20
20
20
temperature
Max
35
35
39
39
34
34
31
31
°C
Mean
28
28
34
34
24
24
25
25
Soil
moisture
(Mpa)
1.8
2.8
0.8
0.8
2.1
2.1
0.3
0.3
A. flavus 
infestation
(%)
56
75
26
42
10
23
7
25
Afla-
tox in
(ppb)
243
9234
0
4
0
214
0
122
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change in groundnut composition fol lowing l i f t ing
(Blatchford and Hal l 1963a and 1963b). Groundnut
curing is generally considered to occur after l i f t ing
dur ing the period when the groundnuts are attached
to the haulms (stems). It has been hypothesized that
during curing, several chemical and physical changes
occur which influence kernel quality. The hypothesis
is based on reported differences in seed germination
and nutr i t ional or taste qualities which develop dur-
ing curing. Pods dried of f the haulms are of a lower
quality. Addi t ional research is needed to test the
hypothesis. As accepted by some researchers the
term 'cur ing ' relates to these yet undefined processes
which terminate when the plants become dry or the
groundnuts are removed f rom partially dried haulms
(stems). The term 'drying' is used to describe all
phases of moisture removal including the moisture
lost dur ing curing and f rom the groundnuts after
thrashing (removal f rom the haulms). At l i f t ing
t ime, pod and kernel moisture can range f rom as
high as 48% to below 15% when drying occurs within
the soil pr ior to harvest.
The single most important environmental factor
that influences the endogeocarpic microf lora during
curing and drying is pod and kernel moisture. When
high-moisture groundnuts are l i fted and placed in
windrows on the soil surface, the potential exists for
rapid invasion of the kernels by A. flavus group of
fungi and af latoxin contamination (McDonald and
Harkeness 1963, Austwick and Ayerst 1963, M c D o -
nald and A 'Brook 1963, Burrell et al. l964, Bampton
1963, Jackson 1965, Gi lman 1969, and Troger et al.
1970). Windrow exposure for 3-7 days without ade-
quate curing and drying is sufficient to cause signifi-
cant af latoxin contamination. A rain shortly after
digging is not particularly harmful , but a rain after
the groundnuts are partially dr ied, fol lowed by poor
drying is likely to result in aflatoxin contamination
(Troger et al. 1970). The durat ion of rainy periods,
their t iming, and the amount of precipitation can
directly influence curing and drying rates. Rains in
the evening may allow the groundnuts to remain wet
all night, thus providing the needed moisture to the
fungi. Rains early in the morning are less likely to
slow drying and accelerate mold growth, because of
daytime drying.
Research concerning the influence of different
curing procedures by Burell et al. (1964), carried out
near Mokwa, Nigeria, illustrates the problem excess
pod and kernel moisture can cause if not removed
rapidly. When groundnuts were subjected to the
fol lowing treatments: (1) left in windrows for curing,
(2) picked after windrow curing for 2-4 d then left on
the ground to dry, (3) picked at l i f t ing and left on the
Table 4. Influence of different curing treatments on the moisture level and relative efficiency of each treatment
kernel quality. Tr ia l Ml conducted near Mokwa , Nigeria.
Treatment
Windrow 2-4 days, then picked, left on ground
Picked at l i f t ing and left on the ground
Continuous inverted windrow in field
Windrow 2-4 days, then placed in small heaps
Windrow 2-4 days, then placed on poles
Windrow 2-4 days, then picked, placed on matting
Windrow 2-4 days, then picked, placed on corrugated iror
Picked at l i f t ing and placed on matt ing
Picked at l i f t ing and placed on black plastic
1. US unsatisfactory (excess mold damage); S satisfactory (minor
Source; Burrell et al. 1964.
sheets
mold damage)
Li f t ing
moisture
(%)
43.2
43.2
43.2
43.2
43.2
43.2
43.2
43.2
43.2
Cured
moisture
(%)
17.9
17.6
15.1
15.1
9.9
6.7
6.7
6.5
6.5
Curing
time
(days)
20
20
20
20
20
12
12
12
12
in terms of
Kernel1
quality
US
US
US
US
S
S
S
S
S
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Table 5. Influence of different curing treatments on the moisture level of groundnut kernels as influenced by climate. Tr ial
M2 conducted near Mokwa, Nigeria.
Treatment
Continuous inverted
windrow in field
Windrow 2-4 d, then
stacked on ground
Windrow 2-4 d, then
placed on rack
Windrow 2-4 d, then
placed on poles
Windrow 2-4 d, then
picked, placed on matting
Windrow 2-4 d then
picked, placed on
corrugated iron sheets
Picked at l i f t ing and
placed on matting
Picked at l i f t ing and
placed on black plastic
0
36.4
36.4
36.4
36.4
36.4
36.4
36.4
36.4
2
27.5
27.5
27.5
27.5
27.5
27.5
24.4
24.4
Days after l i f t ing - moisture content of kernels (%)
4
18.8
18.8
18.8
18.8
18.8
18.8
11.3
11.3
6
12.2
11.5
11.5
11.5
9.5
9.5
6.1
6.1
8 10 12
11.7 9.1 10.7
10.2 8.2 8.9
10.2 8.2 8.9
10.2 8.2 8.9
5.1
5.1
5.8
5.8
14
8.6
7.9
7.9
7.9
16
11.3
8.9
8.9
8.9
18
14.0
11.4
11.4
11.4
20 22
15.5 12.9
11.5 9.5
11.5 9.5
11.5 9.5
Source: Burrell et al. 1964.
ground to dry, or (4) windrowed 2-4 d and then
placed in small heaps, there was extensive mold
damage (Tables 4 and 5). Groundnut vines wi th pods
or the groundnut pods separated f rom the vines that
were kept on the ground for 20 d had kernel-
moisture levels which ranged f rom 15.1-17.9%.
Windrow curing for 2-4 d followed by pole curing
and drying for 16 d provided a mean cured kernel-
moisture level of 9.9%. This treatment was interme-
diate in terms of drying rate, however wi th lower
relative humidities, good drying winds, and protec-
t ion f rom showers, pole curing and drying could
have been satisfactory. A l l other treatments noted in
Table 4, where the groundnuts were removed f rom
the vines and dried on mats (grass or bamboo), i ron
sheeting, or black plastic were satisfactory, since
litt le mold damage occurred. When rain threatened,
groundnuts dried on these surfaces were placed
under cover. In a second experiment conducted near
Mokwa , Nigeria, the influence of rain showers on
kernel moisture was evident. Groundnuts left in
windrows wi th in the f ie ld, placed in stacks, on a 
rack, or on poles in the open had their moisture
levels increased fol lowing two rainy periods (Table
5). After 22 d , kernels examined f rom the inverted
windrows had kernel-moisture levels of 12.9%, exces-
sively high for safe storage. In contrast, groundnuts
dried after picking f rom the vines then dried for 8 d 
on matt ing, corrugated i ron sheets, or black plastic
had moisture levels of 5.1-5.8%.
The use of inverted windrows, rows of l ifted
groundnut vines in which most of the groundnuts
are held off the soil surface by the various positions
wi th in the windrow, has been shown to speed the
curing and drying process (Pettit et al. 1971).
Groundnut pods positioned at the top of windrows
(inverted and/or random types) reside where air
currents move more rapidly and where the atmos-
pheric relative humidity is low compared to posi-
tions closer to the soil surface. When the soil is wet
f rom recent rains the relative humidi ty near the soil
surface exceeds 90%, especially on nights where
there is l i t t le air movement. Obviously pods located
on a wet soil surface dry much more slowly com-
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pared to those on an inverted windrow. When
groundnut pods are l ifted f rom the soil and placed at
the top of an inverted windrow, changes in the pod
mycoflora often occur. Isolations f rom freshly dug
pods have frequently been reported to be higher in
comparison to isolation f rom pods fol lowing win-
drow curing For example, Porter and Garren (1970)
reported that the average isolation frequency of
fungi f r om freshly dug pods was 79%, cured pods
f rom random windrows 78%, and cured pods f rom
inverted windrows 62%. On the basis of this report
and others it is hypothesized that when groundnuts
are exposed to intense solar radiat ion, lower relative
humidities, and lower temperatures at the top of
inverted windrows, some of the fungi present are
kil led and others become quiescent. When windrow
conditions favor A. flavus activity the groundnuts
should be removed f rom the vines, dried rapidly, and
kept dry to prevent aflatoxin contamination.
In studies by Dickens and Khalsa (1967), they
observed that the average difference in moisture
content of groundnuts f rom inverted windrows,
compared to those f rom random windrows, was 8%
(Table 6). Their studies also illustrated the influence
of using air wi th two different relative humidites, 85
and 50%, on drying rates. The drying rate was
slowed when 85% r.h. air was used. As a result,
20-51% of the kernel samples examined f rom this
treatment contained aflatoxin. In comparison, when
the relative humidi ty of the drying air was 50%, only
1% of the samples examined contained aflatoxin.
The use of inverted windrows helps reduce the
number of groundnut kernels invaded by various
fungi, including those classified wi th in the A. flavus 
Table 6. Extent of af latoxin contamination of NC 2 
groundnut kernels harvested f rom random and inverted
windrows in the field followed by drying in bins wi th heated
forced air. Groundnuts were cured in random and inverted
windrows for 16 days, combined, and forced-air dried at a 
temperature of 32°C (90°F) and two relative humidities.
Type of
windrow
Random
Inverted
Random
Inverted
Moisture
fol lowing
windrow
curing
(%)
25
16
25
16
Source: Dickens and Khalsa 1967.
Drying-air Extent of
relative aflatoxin
humidity contamination
(%) (%)
85 51
85 20
50 1 
50 0 
Table 7. Proport ion of Virginia bunch groundnut seed
harvested f rom random and inverted windrows infested
wi th various fungi and A. flavus. Data collected in research
plots near Hol land, Virginia, 1966-1969.
Year
1966
1967
1968
1969
Mean
Windrow
Random
Total
fungi
(%)
32
36
42
34
36
A. flavus 
(%)
-
-
-
-
3.9
Source: Porter and Garren 1970.
type
Inverted
Total
fungi
(%)
21
16
25
22
21
A. flavus 
(%)
-
-
-
-
2.6
group. In Virginia, Porter and Garren (1970), reported
that groundnut seed harvested f rom inverted win-
drows over a 4-year period had 15% less mold-
invaded kernels compared to those kernels f rom
random windrows (Table 7). In addit ion, those
groundnut kernels f rom the inverted windrows con-
tained 2.6% A. flavus infestation, compared to 3.9%
infestation for kernels f rom the random windrows.
The inverted windrows also reduced the time in
which groundnut kernel moisture and environmen-
tal conditions favor the production of aflatoxin by
previously established A. flavus colonies. The use of
inverted windrows shortens the time required to cure
the groundnuts wi th in the field. However, to avoid
possible damage due to prolonged rainy periods, the
groundnuts should be thrashed as soon as possible
and the f inal drying conducted under more con-
trolled conditions (Pettit and Taber 1968).
The use of inverted windrows or placement of
groundnut vines on poles or racks not only speeds up
the drying process but also can protect the ground-
nuts f rom soil insects. Invasion of groundnut pods
by insects fol lowing l i f t ing, wi th in randomly designed
windrows, is generally not considered to be a prob-
lem. However, in some geographical regions insect
damage of windrowed pods in contact wi th the soil
surface is a problem.
Insect damage to groundnut pods has been reported
to occur pr ior to l i f t ing and creates openings for
invasion by A. flavus. Pod damage caused by the
170
lesser cornstalk borer (Elasmopalpus lignosellus 
Zeller) (Ashworth and Langley 1964, Dickens and
Satterwhite 1973), the southern corn root worm
(Diabrotica undecimpuctata ho wardi Barber) (Por-
ter and Smith 1974), mites (Caloglyphus sp. and
Tyrophagus sp.) (Aucamp 1969), white grubs (Hete-
ronyx sp.) (Graham 1982), Lucerne seed web moth
(Etiella behrii) (Graham 1982), Afr ican termites
(unidentif ied, possibly Termes natalensis) ( M c D o -
nald et al. 1964), and the burrowing bug (Pangaeus 
bilineatus Say) (Taber and Pettit, Texas A & M Uni -
versity, USA, unpublished) increase the isolation
frequency of A. flavus and severity of af latoxin con-
tamination. In general these insects and mites are
more active during drought periods.
Pod damage other than that caused by insects can
also increase kernel susceptibility. Growth cracks in
pods, pod splitting due to seed-moisture increase
after drying, and mechanical injury during l i f t ing
and thrashing can open the pods and allow A. flavus 
penetration.
A f l a t o x i n C o n t a m i n a t i o n D u r i n g
H a n d l i n g a n d Storage
Groundnut kernels infested with A. flavus and free
f rom aflatoxin when introduced into storage facil i-
ties can become contaminated with af latoxin while
in storage. Several environmental factors within the
storage facilities influence the extent to which mold
growth and af latoxin contamination occur. Some of
these factors are: seed moisture, relative humidity,
temperature, time and gaseous composition of the
storage atmosphere, and time in storage. When the
seed moisture wi th in storage exceeds 9% at the equi-
l ibr ium relative humidity of 80% (30°C) (Table 8),
then the chances that A. flavus growth wi l l occur
increase (Borut and Zoffe 1966, Diener et al. 1982).
An increase in the relative humidity f rom 80 to 85%
can, if conditions persist for sufficient t ime, cause
the seed-moisture content to increase to 11%. Efforts
must be made when the relative humidi ty is high or
when rain occurs to protect groundnuts in transport
containers or storage facilities f rom potential increase
in seed-moisture content. Transport containers should
be protected against wind-driven rain. The com-
bined interaction of favorable relative humidities
and temperatures triggers A. flavus spores present
on the groundnut pods to germinate and initiate
fungal growth. Even at a constant relative humidi ty
a temperature increase can stimulate fungal activity.
Spore germination can occur on the pod or seed
Table 8. The moisture equil ibrium of groundnuts.
Relative
humidity
at 30°C
(%)
98
95
90
85
80
75
70
65
53
44
Seed moisture
content
(%)
30.5
20.0
14.3
11.3
9.3
8.0
7.0
6.5
5.7
5.2
Meal
(wet weight)
-
-
23.5
19.0
16.3
14.0
12.3
-
-
,
Source: Blatchford and Hall 1963, Diener et al. 1982.
surface in stored groundnuts when the relative
humidity and temperature trigger the growth pro-
cesses (Panasenko 1967).
Some of the major causes of increased relative
humidities and undesirable seed moistures within
storage facilities are: leaking roofs, improper insec-
ticide applications, condensation on roofs or cover-
ings, sidewalls or floors without vapor barriers, and
seepage of water into storage areas fol lowing rains
(Dickens 1977). A study by the Peanut Administra-
tive Committee and individual groundnut shelters
within the United States found that moisture con-
densation on various surfaces wi th in the storage
facilities was the major contributing factor for
increasing aflatoxin contamination. Based on these
studies it was calculated that if 1000 t of groundnuts
were placed in storage at a moisture content of 9.5%
and the relative humidi ty was less than 70% then the
groundnuts would have to lose over 22 700 L (6000
gallons) of water to reach an equi l ibr ium moisture
level of 7.0% (See Table 8). If this moisture was not
removed f rom the storage facil i ty, then a subsequent
accumulation, of moisture on the groundnuts would
occur (Dickens 1975).
Protection against af latoxin contamination dur-
ing handling and storage should start wi th the
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placement of groundnuts into storage when their
moisture content is less than 9%. Once in storage the
groundnuts should be aerated to prevent moisture
bui ld up or migrat ion. Aerat ion wi th air containing
less than 70% relative humidity can keep the ground-
nuts at a low moisture content, cool the groundnuts,
prevent moisture buildup wi th in certain areas of the
groundnut mass, prevent moisture migration to
condensation surfaces, and reduce the chances of
insect activity. Dur ing periods of rain or excessively
high humidi ty, the venti lation system should be
turned off to prevent a bui ldup of kernel moisture.
Prevention of af latoxin contamination in storage
requires a constant monitor ing of the environmental
conditions wi th in the atmosphere and wi th in the
storage facilities.
Conclusions a n d Research Needs
The potential for af latoxin contamination starts
when groundnut flowers fo rm and ends after the
groundnuts are processed and consumed. Preven-
t ion of contamination is the most economical and
practical approach to the problem. We hope that
groundnut varieties wi th drought, insect, and afla-
tox in resistance wi l l be developed and help reduce
the number of seeds contaminated. However, pod
damage due to insect activity and other causes may
result in some kernels being invaded; and therefore,
a need to clean up contaminated lots of groundnut
wi l l continue. A l l segments of the industry must help
solve the problem. Addi t ional research is needed on
the development of resistant varieties and control
procedures to reduce insect and fungal activity. To
protect animal and human health, better sorting and
decontamination procedures are needed to remove
or destroy the aflatoxin present.
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Insect Damage to Groundnut in Semi -Ar id Tropical
Afr ica
R . E . L y n c h , A . P . O u e d r a g o , a n d I . D i c k o 1
Abstract
This paper reviews arthropod damage to groundnut in semi-arid tropical (SAT) West Africa in 
relation to plant phenology and drought stress, and presents preliminary results of groundnut 
insect research at the University of Ouagadougou, Burkina Faso. Research in Africa and the 
United States has shown that arthropod damage, drought stress, and delayed harvest increase 
Asperg i l l us flavus and aflatoxin contamination in groundnut. The interaction of arthropod 
damage and the types of arthropod damage are important criteria for potential aflatoxin 
contamination in groundnut Methods to reduce aflatoxin contamination are being investigated. 
I n t r o d u c t i o n
Wor ld hunger is an ever-increasing problem—a
problem that requires the immediate cooperation of
researchers around the wor ld. Mass starvation, such
as recently experienced in Ethiopia, occurs all too
frequently and is, in part, due to erratic food produc-
t ion. Thus, stability in crop production has been
recognized as the primary goal of the developing
countries (Gibbons 1980). An example of the insta-
bi l i ty in food production is given by the groundnut-
production reports of Niger f rom 1968-1978 (Moun-
kaila 1980). Yield ranged f rom 270000 t in 1968-69 to
42000 t ha-1 in 1975. Much of this instability can be
attributed to the drought and the insect-borne
rosette virus epidemic in 1975.
Groundnuts are recognized as one of the major
cash crops, as well as a high-quality, protein-rich
food for local consumption in SAT Afr ica. Ground-
nuts represent f rom one-third to one-half of the
1. Supervisory Research Entomologist, Insect Biology and Population Management Research Laboratory, USDA-ARS and Department of
Entomology, Coastal Plain Experiment Station, University of Georgia, Tifton, Georgia 31794, USA; Professeurs, Institute Superior
Polytechnique, University of Ouagadougou, B.P. 7021, Ouagadougou, Burkina Faso.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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exports f rom Senegal (Jackson et al. 1981). In Niger,
groundnuts accounted for almost 45% of the exports
in 1972, but declined to only 5% in 1975 as a direct
result of the rosette epidemic (Mounkai la 1980). In
many of the West Afr ican countries, groundnuts are
also one of the most important cultivated domestic
and commercial crops. However, in many of these
countries, groundnut production has declined due to
the extreme yield variabil i ty f rom year to year.
Plant protection f rom damaging infestations of
insect and related arthropod pests is vital ly impor-
tant for stabilized production. Over 450 species of
insect pests have been recorded on groundnut (Smith
and Barfield 1982, Redlinger and Davis 1982). Only
a few of these pests are economically important
worldwide, but many are severe pests in localized
regions of the wor ld (Feakin 1973). Damage by these
insects may be devastating, as evidenced by the
rosette virus epidemic spread by Aphis craccivora 
Koch in 1975 (Gibbons 1977, Rossell 1977, Yayock
et al. 1976), or may be rather insidious, producing
small, unnoticed losses that accumulate throughout
product ion and storage. In either instance, insects
and related arthropods should be recognized as a 
major constraint in peanut product ion in both deve-
loped and developing countries.
Developing countries in West Afr ica offer a tre-
mendous potential for expanded food product ion.
These countries have vast arable lands suitable for
increased agricultural production. However, in these
countries, most agriculture is characterized by small
farms wi th l itt le mechanization or advanced tech-
nology. Minor improvements, such as higher-yielding,
disease- or insect-resistant varieties, or the imple-
mentation of pest-control strategies can have a tre-
mendous impact on production and the local econ-
omy. Crop product ion can be improved through
cooperative research and the practical application of
this research on the small farms characteristic of this
region.
One area that offers such potential is the devel-
opment of an integrated pest management ( I P M )
program for insects. I P M can be readily adapted to
the normal agricultural practices of these developing
countries, since it integrates al l components of the
agricultural system into one program that offers
potential for increasing stabil ity in crop product ion
through proper management of the insect pests that
often cause the instabilities.
Integrated pest management can be defined as a 
"pest management system that, in the context of the
total environment and the populat ion dynamics of
the pest species, utilizes al l suitable techniques and
methods in as compatible a manner as possible and
maintains pest populations at levels below those
causing economic injury (Glass 1975). The objec-
tives of pest management are to create and maintain
situations that prevent insects f rom causing signifi-
cant problems—in other words, to provide stability
in the insect ecosystem. These objectives may be
achieved by preventing the establishment or spread
of insect pests, control l ing established infestations,
or maintaining pest infestation levels at which litt le
or no damage occurs (Subcommittee on Insect Pest
Contro l 1969). Insect pests can be managed by using
knowledge of pest ecology in relation to the phenol-
ogy of the host, and integrating this knowledge wi th
cultural, physical, mechanical, biological, microb-
ia l , and chemical control; insect-resistant plants; and
other means of managing insect pest populations.
The pest-management concept is based on the
precept that insects should be managed to maintain
their populations below an economic level. Para-
mount in this concept is the determination of an
economic insect. An economic insect is one that
causes enough yield or quality loss to justify the
expense to manage that insect. The basic concepts
regarding the relationship between insect popula-
tions and economics of control were advanced by
Stern et al. (1959) and Stern (1966). The authors
pointed out the necessity for determining economic
damage in agricultural crops. Economic damage is
the amount of damage that, if prevented, w i l l equal
or exceed the cost of using artif icial control mea-
sures. Two concepts are related to economic dam-
age. First, for I P M programs to work effectively, the
economic injury level (the lowest number of insects
that w i l l cause economic damage) must be deter-
mined for the host, i.e., the min imum number of
insects required to reduce yield or quality equal to or
greater than the cost of applying artif icial control.
Second, after the economic in jury level is deter-
mined for a particular crop, the economic threshold
or action threshold (the insect populat ion level when
action is taken to prevent insect numbers f rom
reaching the economic in jury level) must be establi-
shed.
Stern et al. (1959) categorized insect pests in rela-
t ion to their economic significance as "noneconomic
pests, occasional pests, and severe pests". Most
insect pests of groundnuts could probably be classi-
f ied in the f irst two categories.
Noneconomic pests are characterized by an aver-
age density that only rarely, if ever, reaches the
economic in jury level. They are most common in
crops w i th relatively low market values. In ground-
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nuts, some of the minor defoliators would probably
f i t into this category.
Occasional insect pests are those whose average
densities are generally below the economic injury
level, but whose highest population-level f luctua-
tions occasionally exceed the economic injury level.
W i t h these pests in particular, knowledge of the
insect biology, prediction of future population trends,
and knowledge of the economic injury level are
vital ly important. Awareness of these aspects of pest
bionomics allows a preventive out look rather than a 
curative one. Treatment of crops unnecessarily,
wi thout regard to the economic injury level for the
occasional pest species, may be the difference between
prof i t and loss in marginal operations. Also, the
unnecessary use of chemical insecticides can pro-
duce undesirable side effects, such as resurgence of
the pest, development of pest resistance to insecti-
cides, or harmful levels of pesticide residues on the
crop. Most insect pests of groundnuts are occasional
pests; they are not economic in every generation of
every year.
The severe pest is characterized by an average
populat ion density that exceeds the economic injury
level. Wi th this type of pest, insecticides are required
almost continually and usually on schedules. This
type of pest problem is generally associated wi th
high-value crops. In all l ikel ihood, groundnuts are
not attacked by this type of pest in the developing
countries. In certain areas, however, termites may
infl ict levels of damage that would characterize them
as severe pests.
The basis for managing pests, such as the occa-
sional pest, is the planned manipulation of the var-
ious processes that prevent pest populations f rom
becoming economic, and thus minimize the eco-
nomic impact of the pests (Southwood and Way
1970). These principles can be implemented in the
developing countries to aid in the management of
pests and thus aid in reducing the dramatic f luctua-
t ion in crop productivi ty. Four elements are basic to
successful I P M programs for these countries:
• the development of reliable sampling procedures
for estimating population density,
• the determination of economic levels for the var-
ious pests,
• an estimation of the influence of natural control
agents, and
• a good knowledge of the insect biology and ecol-
ogy (Moore 1978).
These four basic elements fo rm the research core for
the development of I P M programs for S A T Afr ica.
G r o u n d n u t Pests i n S A T A f r i c a
Over 400 arthropod species are reported as prehar-
vest pests of groundnuts, of which 188 species attack
groundnuts in SAT Afr ica (Smith and Barfield
1982). In addit ion, over 80 species are reported as
pests of postharvest groundnuts (Redlinger and
Davis 1982). The most frequently encountered arthro-
pod pests are the beetles (Coleoptera), wi th 120 spe-
cies that damage postharvest groundnuts, 49 of
which are found in SAT Afr ica, and 70 species that
damage postharvest groundnuts. The second most
prevalent group of pests includes the leptidopterous
larvae; 68 species are reported f rom preharvest and 6 
species f rom postharvest groundnuts. The true bugs
(Homoptera-Hemiptera) represent the th i rd most
frequently encountered group of insects, wi th 43 and
39 species, respectively, that attack preharvest ground-
nuts. Other major groups that attack preharvest
groundnuts include the grasshoppers and locusts
(Orthoptera), wi th 36 species; the termites (Isop-
tera), wi th 25 species; the thrips (Thysanoptera),
wi th 19 species; the mites (Acarina), wi th 17 species;
and the millipedes (Julida), wi th 13 species (all f rom
S A T Africa).
Recent reviews by Amin and Mohammad (1980)
and Wightman (1985) discussed major groundnut
pests for the SAT. In Af r ica, 10 arthropods are
considered as major pests of groundnuts (Amin and
Mohammad (1980). These include the groundnut
aphid, Aphis craccivora Koch; leafhoppers, Empoasca 
dolichi Paoli and E. facialis Jacobi; an armyworm,
Spodoptera littoralis (Boisduval); the groundnut
hopper, Hilda patruelis Stal; a termite, Microtermes 
thoracalis Sjostedt; the "Wang , " Aphanus (Elasmo-
lomus) sordidus (F.); millipedes of the genus Peri-
dontopyge; and the groundnut bruchid, Caryedon 
serratys (01.). In addit ion to these, Wightman (1985)
lists an earwig, Anisolabis stali (Lucas); white grubs,
Eulipida mashona A r row (appears to be the most
important in Afr ica); and several species of thrips.
Several other species of insects are listed by H i l l
(1979), Feakin (1973), and Mercer (1977, 1978a,
1978b) as groundnut pests in S A T Afr ica. These
include the Afr ican bol lworm, Heliothis armigera 
(Hubner); a semilooper, Achae finita (Guenee); the
beet armyworm, S. exigua (Hubner); the black cut-
worm, Agrotis ipsilon (Hufnagel); the brown leaf
beetle, Ootheca mutabilis Sahlberg; the striped
sweet potato weevil, Alcidodes dentipes (Oliver);
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chafer grubs, Schizanycha spp.; and systates weevils,
Systates spp. 
Wightman (1985) lists the order of research impor-
tance for arthropod pests of groundnuts in Afr ica as:
(1) termites, (2) aphids and the transmission of
rosette virus, (3) Hilda patruelis, and (4) jassids.
Mill ipedes were also listed at a lower priori ty.
Several minor pests of groundnuts become of
prime importance when their abil i ty to transmit
virus diseases is considered. A m i n and Mohammad
(1980), Smith and Barfield (1982), and Wightman
(1985) list 13 virus diseases of groundnuts and the
insects that transmit the viruses. Aphids, thrips, and
leafhoppers are the most common vectors of the
virus diseases in groundnuts.
Termites appear to be the most destructive insect
pests in S A T Afr ica. Harris (1971) lists 10 species
and Feakin (1973) lists 14 species of termites that
damage groundnuts in Afr ica. However, two genera
Microtermes and Odontotermes, are reported to
produce the major i ty of groundnut damage (Wight-
man 1985, Johnson et al. 1981, Johnson and Gumel
1981). Yield losses of up to 40% have been reported
in Nigeria (Johnson et al. 1981). These authors noted
that Microtermes lepidus Sjostedt damaged the tap
root , tunneled into the stems, and scarified and
invaded the pods. They also noted a linear relation-
ship between tap root invasion and yield loss. John-
son and Gumel (1981) noted that pod scarification
by M, lepidus is restricted to the more mature pods
and that it is much greater (40.9-87.9%) in dead
stands where the tap root is invaded, than in healthy
stands (7.9-31.6%) without tap root damage. They
also reported that 85-91% of the kernels f rom scari-
f ied pods were infected wi th fungi while only 67% of
the kernels f rom unscarified pods were infected wi th
fungi.
Groundnut pod damage by termites is accentu-
ated by irregular maturi ty and delayed harvest (Fea-
k in 1973). Plant ing a single variety rather than a 
mixture of varieties and selecting opt imum harvest
dates reduces termite damage. Mechanical cult iva-
t ion for successive years may reduce termite popula-
tions and thus reduce damage, but hand or shallow
cult ivat ion has no effect on termite damage. Feakin
(1973) also suggested that groundnuts should not be
planted on newly prepared ground. Johnson et
al.(1981) noted that in farmland that is cultivated
continuously every year, the only food available to
termites is the crops, their residues, and l itter. This,
according to the authors, combined w i th the res-
tr icted foraging of termites dur ing the dry season,
poses a serious threat to the survival of Microtermes, 
particularly in the drier areas. Thus, substantial food
reserves, i.e., fungal combs, have to be built up
rapidly dur ing the wet season. This foraging occurs
at the expense of susceptible crops, such as ground-
nuts, and is an important factor in explaining the
pest status of Microtermes. Johnson et al. (1981)
also reported that the ini t iat ion of severe groundnut
damage by termites, particularly the invasion of the
tap root, coincided wi th the depletion of water in the
top soil , which forces the termites to restrict their
foraging to levels below the soil surface. They hypo-
thesized that the highest levels of damage would
occur in locations wi th a short rainy season and wi th
well-drained soils.
The groundnut aphid, Aphis craccivora, as well as
other aphids that feed on groundnuts, is important
pr imari ly because of its abi l i ty to transmit virus
diseases to groundnuts. A. craccivora was the major
cause of the rosette virus epidemic that devastated
groundnut yields in 1975 (Gibbons 1977). Seven
viral diseases are known to be transmitted to ground-
nuts by aphids (Wightman 1985); A. craccivora is
the only aphid that is known to transmit all seven of
these viruses.
Several thrips species are reported to attack
groundnuts. Okwakpam and Youdeowei (1980) re-
ported that four species of thrips attack groundnuts
and other edible legumes in Nigeria, and Smith and
Barfield (1982) listed an addit ional six species of
thrips that attack groundnuts. Lynch et al. (1984)
evaluated four systemic insecticides for control of
thrips, pr imari ly Frankliniella fusca (Hinds), on
groundnuts in the southeastern U.S. They found
that control l ing thrips did not significantly increase
yields, that high thrips populations occurred too
early in the season to be of economic significance,
and that thrips control was pr imari ly cosmetic. Sim-
ilar results were reported by Tappan and Gorbet
(1979, 1981). In Afr ica, however, high thrips popula-
tions occur throughout the growing season.
Demange (1975) reported 13 species of millipedes
that damage groundnuts in Senegal. Dur ing the
rainy season, over 50% of the millipedes are found in
the upper 10 cm of the soil , whereas in the dry
season, 90% of the millipedes are below the 10-cm
soil level (Gi l lon and Gi l lon 1979a, 1979b). Popula-
tions of millipedes tend to be higher around or under
stumps, and around and in termitaries. Six species,
Graphidostreptus tumuliporus Karsh, Haplothysa-
nus chapellei Demange, Peridontopyge conani Bro-
lemann, P. rubescens Attems, P. spinosissima Si l -
vestri, and Syndesmogenus minmeuri Bro1emann,
are the most frequently encountered (Rossion 1976,
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Masses 1981). P. rubescens and S. mimeuri are the
dominant species, w i th one-third of the populat ion
of these two species occurring in groundnut fields.
Mill ipedes are the most important pests of ground-
nuts in central Senegal (Masses 1981, personal
communication, H. Masses, Station ISRA de Darou,
B.P. 75 Kaolack, Senegal). They damage young
groundnuts just after plant emergence, reducing
plant density up to 20%. They also feed on develop-
ing pods, reducing yields by 30-40%. Mill ipedes
primari ly attack immature, developing pods, while
termites attack the more mature pods (Johnson et al.
1981, I R H O 1982).
In many parts of Afr ica, the groundnut bruchid,
Caryedon serratus, tends to be the most important
insect pest of groundnuts, especially after the pods
are dug (Davey 1958, Green 1959). Losses may
approach 10% in each of the 4.5 generations dur ing
the dry season; after 3 generations of infestations by
this insect, the groundnuts are unmarketable. Dam-
age is greater on unshelled groundnuts where the
insect egg is laid on the pod surface and the emerging
larva tunnels through the pod and feeds on the ker-
nel. Populations often reach economic levels when
the crop is left in open storage for a prolonged
period. Mature fruits of several native trees, Pilios-
tigma thonningi, P. reticulatus, Tamarindus indica, 
and Cassia sieberiana, provide a continuous source
for infestation throught the year (Conway 1983).
Groundnut infestations f rom insects that emerge
f rom primary tree hosts in the field are of major
importance, wi th residual infestations in storage
facilities of l i t t le consequence. A l lowing groundnuts
to remain in the field to dry for extended periods
increases infestation. Damage during storage is
related to the degree of infestation while the ground-
nuts are drying in the f ield. Jute bags for storing
groundnuts restrict entry or exit of bruchid adults
and thus reduce infestation f rom one bag to the next.
The " W a n g " Aphanus sordidus, also attacks
groundnut pods while they are drying in the field.
This lygaeid bug pierces the groundnut pod wi th its
mouthparts and feeds on the o i l in the kernel. Such
feeding causes the seed to become wrinkled and
darker, and reduces germination (Thomas 1983,
Conway 1976).
Delbosc(1966), Gillierand Bockelee-Mowan(1979),
Mbata and Osuji (1983), and Thomas (1983) dis-
cussed most of the principal insect pests of stored
groundnuts in Afr ica. Two orders of insects, Coleo-
ptera and Lepidoptera, are of pr imary importance.
The major coleopteran pests of stored groundnuts
are the red flour beetle, Tribolium castaneum (Herbst);
the confused f lour beetle, T. confusum Jacquelin
duVal ; the khapra beetle, Trogoderma granarium 
Everts; the merchant grain beetle, Oryzaephilus 
mercator (Fauvel); and the sawtoothed grain beetle,
0. surinamensis (L.) . The major lepidopteran pests
of stored groundnuts include the rice moth , Corcyra 
cephalonica (Stainton); the almond moth, Ephestia 
cautella (Walker); and the Indian meal moth , Plodia 
interpunctella (Hubner).
P e a n u t C R S P Research i n S A T
A f r i c a
Collaborative research between the University of
Ouagadougou and the University of Georgia to
develop I P M strategies for reducing insect damage
to groundnuts in SAT Afr ica is conducted in Bur-
kina Faso. The major goal of this collaborative
research is to develop research informat ion and
procedures based on sound I P M principles that wi l l
help stabilize and/or increase groundnut yield. Spe-
cific goals of the Peanut CRSP-Entomology Project
in Burkina Faso are to:
1. Identify the major economic pests of groundnuts.
2. Determine the relationship between level and
type of arthropod damage and aflatoxin contam-
inat ion in both preharvest and postharvest
groundnuts.
3. Develop economic injury levels for major arthro-
pod pests by quantifying pest density wi th ground-
nut yield.
4. Develop reliable sampling procedures to estimate
population densities of the major pests.
5. Determine arthropod abundance as related to
groundnut developmental phenology and season.
6. Provide training opportunities for Burkina Faso
students.
7. Develop bait attractants or other control strate-
gies for major insect pests.
8. Evaluate promising breeding lines developed by
the CRSP Breeding Project for resistance/sus-
ceptibil ity to major arthropod pests.
Research addressing objectives 1, 5, and 6 was
initiated in 1984. Surveys of groundnut pests were
conducted in the major groundnut-growing areas of
Burk ina Faso and included locations near the cities
of Po, Fada, Boromo, and Niangoloko. Dur ing
three survey trips in 1984, the fo l lowing insect
groups were collected on groundnuts: Orthoptera,
Thysanoptera, Homoptera, Hemiptera, Lepidoptera,
Coleoptera, Diptera, Hymenoptera, Isoptera, and
Jul ida. Insects collected during the surveys are cur-
179
rently being identified by taxonomic specialists. It
appears f rom these results that four groups of these
insects are of potential economic importance (Table
1). Thrips (apparently three species) populations
were relatively high on groundnuts dur ing all three
surveys. Lynch et al (1984) showed that in Georgia
(USA) , control of thrips wi th systemic insecticides
did not significantly increase yield. However, in
Georgia, damaging thrips populations occur primar-
i ly dur ing the first 30 days after emergence (DAE) .
Once groundnuts begin to flower, thrips move f rom
the leaf terminals to the flowers, the plant growth
rate increases logarithmically, and thrips popula-
tions decline. However, thrips in S A T Afr ica may be
of much greater importance since high populations
are maintained during the crit ical pod-set and pod-
f i l l ing stages of growth.
Jassids are another group of insects that are of
potential importance to groundnuts in Burkina
Faso. Two species, Empoasca dolichi and E. facialis, 
are major pests in Afr ica (Amin and Mohammad
1980). Populations of jassids showed a drastic
increase f rom July to September, especially at
Boromo and Niangoloko. These extremely high jas-
sid populations occurred during the latter port ion of
the pod-f i l l ing stages when the kernels are rapidly
developing. Reduction in photosynthetic area and/or
product ion of photosynthate that is partit ioned for
development of kernels during the critical physiolog-
ical stages could substantially reduce groundnut
yield.
Termites are a th i rd group of insects that have
economic importance to groundnut production in
Burkina Faso. A l though surveys in July to Sep-
tember showed l imited populations and damage,
their damage to groundnuts at harvest on the Gam-
pala Research Station plots was substantial; 50-80%
of the pods were scarified. Thus, these prel iminary
observations on termite damage conf i rm the ranking
of termites as the first research pr ior i ty by Dr . John
Wigh tman, Pr incipal Groundnut Entomologist ,
I C R I S A T . Collaborative research between I C R I -
S A T and the Peanut CRSP is planned to evaluate
the termite-resistant genotypes reported by Am in et
al. ( In press).
Mill ipedes are the most important groundnut
pests in the major growing region of Senegal (Masses
1981; personal communication, H. Masses, Station
I S R A de Darou , B.P. 75, Kaolack, Senegal). M i l l i -
pede populations were relatively low in the surveys
in Burkina Faso, but millipedes should sti l l be con-
sidered of potential economic importance unt i l addi-
t ional data are collected.
Damage to groundnut pods by millipedes and
termites has certain similarities to damage caused by
the lesser cornstalk borer (LCB) Elasmopalpus lig-
nosellus (Zeller), a major groundnut pest in the
USA. Lynch (1984) reported that damage to ground-
nut pods by LCB is determined by the stage of pod
development (Wil l iams and Drexler 1981) at the
ini t iat ion of attack. Groundnut pods in stages 1-3
are preferred and penetrated by LCB larvae that
then feed on the developing kernel. This is similar to
the preference of millipedes for immature pods
(Johnson et al. 1981). Conversely, pods in stages 4-6
were not penetrated by LCB larvae, but were scari-
fied externally, resulting in damage similar to that
reported for termites (Johnson et al. 1981). The LCB
Table 1. Ar thropod abundance on groundnuts in Burk ina Faso in 1984.
Locat ion
Po
Fada
Boromo
Niangoloko
Po
Fada
Boromo
Niangoloko
Po
Fada
Boromo
Niangoloko
Survey
date
7/7/84
19/8/84
25/10/84
Thr ips/
10 terminals
(10 sweeps)
.
67
72
36
83 (4)
27
32
59 (32)
9 (53)
97 (166)
30 (433)
0 (94)
Jassids/
10 sweeps
-
72
12
9
14
0
0
134
150
87
657
606
Termites
m-1
-
0
4
0
0
0
0
0
37
0
0
0
M i l l i -
pedes
m-1
-
0
10
0
8
0
0
4
0
21
0
0
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is considered a dryland insect in the U.S., pr imari ly
because economic damage by the LCB is associated
wi th drought. Johnson et al. (1981) and Johnson and
Gumel (1981) also reported that termite damage was
greatest in periods of inadequate rainfal l during the
latter por t ion of the growing season, and they
obtained a significant correlation of -0.76 between
the percentage of groundnuts wi th the tap root
invaded by termites, and rainfal l . Lynch and Wilson
(1984) demonstrated that the L C B was an excellent
vector of Aspergillus flavus (L ink) and that pod
penetration and delayed harvest increased A. flavus 
and aflatoxin contamination. Similar results have
been suggested for termites (Diener 1973, M c D o -
nald and Harkness 1963, 1964, McDona ld et al.
1964) and millipedes (personal communication, H.
Masses, Station I S R A de Darou, B.P. 75, Kaolack,
Senegal). The number of similarities between the
L C B , mill ipeds, and termites in their damage to
groundnuts and probable enhancement of aflatoxin
format ion under dry conditions warrants continued
research. Methods to reduce aflatoxin contamina-
t ion in groundnuts through proper harvest dates,
short- season varieties, and chemical control of soil
pests are currently being investigated in Burkina
Faso and the U.S. by the Peanut CRSP-Entomology
Project.
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Role of Agrometeorological Factors in Postharvest
Quality of Groundnut
T . H . Sanders, P . D . Blankenship , R . J . Co le , and J .S . S m i t h 1
Abstract
Postharvest quality of groundnut results from the particular set of environmental and cultural 
practices that influence physiology and maturation. Groundnut composition, although related to 
environment, changes dramatically as groundnuts mature. A biochemical basis exists for inferior 
quality in immature groundnut. Drought stress and soil temperature influence maturation rate 
and thus have an indirect effect on postharvest quality. Asperg i l lus f lavus invasion and aflatoxin 
contamination in groundnuts are related to drought stress, soil temperature, and maturity. Small, 
immature seed are more likely to be contaminated with A. flavus than larger, mature seed. The 
biochemical composition, fungal contamination, and the tendency toward higher moisture 
content complicate storage of immature seed. Each of these factors predisposes immature seed to 
rapid quality deterioration in storage. Agrometeorological studies must include an awareness of 
the relationships between environment, maturity, and postharvest quality. 
I n t r o d u c t i o n
Agrometeorological factors during groundnut pro-
duction determine postharvest quality. Quality char-
acteristics produced under certain environments can
be predicted and modifications of the environment
can be attempted to produce desirable characteris-
tics. Regardless of the particular environment, geno-
type, or cultural modif ication, there are matura-
tional factors which must be considered as signifi-
1. Plant Physiologist, Agricultural Engineer, Research Microbiologist, and Agricultural Engineer, respectively, USDA-ARS, National
Peanut Research Laboratory, 1011 Forrester Drive, S.E., Dawson, Georgia 31742, USA.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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cantly affecting postharvest groundnut quality. As
groundnuts reach the metabolically quiescent, com-
partmentalized stage indicative of maturi ty, they are
closest to meeting the fu l l potential of total accep-
tance in almost all phases of groundnut product ion,
handling, and manufacturing. This premise is not
meant to be all inclusive since differences do exist in
seed of the same physiological maturi ty due to
environment, culture, and genotype. Groundnut
plants are indeterminate and any set of environmen-
tal parameters and cultural practices that produce
groundnuts wi l l yield a crop in which various stages
of seed matur i ty may be found. The particular matu-
rat ional distr ibut ion of a groundnut crop is the
result of environmental influences f rom the time of
sowing unt i l harvest. The many maturi ty methods
developed to determine the appropriate time to
harvest are aimed at obtaining the greatest percen-
tage of mature pods (Young 1973, Holaday et al.
1979, Pattee et al. 1974a, 1977, Wil l iams and Drexler
1981, Sanders et al. 1980).
As a simplif ied approach to addressing the post-
harvest topic and because of the obvious relation of
matur i ty and quali ty, this report wi l l emphasize the
relation of groundnut maturi ty to composit ion, envi-
ronment, seed size, Aspergillus flavus invasion, afla-
tox in product ion, and storability.
M a t u r i t y
Studies involving groundnut maturity are compli-
cated because maturation is a continuous process
and not composed of distinct phases. Two excellent
methods of physiological maturity classification
have been developed, the Physiological Matur i ty
Index (Pattee et al. 1974a) and the Pod Matur i ty
Profile (Wil l iams and Drexler 1981). The Physiolog-
ical Matur i ty Index is based on internal hul l and
seed-coat characteristics. Although considerable time
and effort are involved in examining the characteris-
tics of each pod, the accuracy and reproducibil ity of
the Physiological Matur i ty Index has been well doc-
umented (Pattee et al. 1974a, 1974b, Sanders 1980a,
1980b, Sanders et al. 1982).
The Pod Matur i ty Profile classification, based on
physical characteristics and pod mesocarp color
after part ial removal of exocarp (Table 1), provides
a novel approach to maturi ty classification since
pods of different maturi ty may be separated without
substantial damage to pod structure. Pod exocarp is
usually removed by scraping or gentle abrasion to
reveal the colored mesocarp. This method of matur-
ity classification has been extended into a harvest-
date predictor commonly called the Hull-Scarpe
Method.
Maturity—Chemical Composition
Relatively few studies have been conducted to
determine the relation of groundnut maturi ty to var-
ious chemical components thought to be related to
quality. Oi l is by far the most studied component of
groundnuts, just i f iably so since approximately 50%
of the groundnut is o i l . Early studies to quantify oi l
content as groundnuts matured were complicated by
Table 1. Pod-maturi ty profi le class characteristics.
Class
White
Yellow 1 
Yellow 2 
Orange
Brown
Black
Mesocarp color1
White
pale yellow
dark yellow
orange to brownish
orange
reddish brown to
brown
black
Exocarp characteristics
ini t ial development through maximum size, soft, watery longitudinal venation,
distinct net venation on basal segments beginning
net venation nearly complete to complete, slightly rough, somewhat resilient
somewhat rigid to rigid structure, distinct reticulation
rough, rigid, reticulated
rough. very r igid, reticulated
rough, very r ig id, reticulated
1. Median class color of mesocarp at or near the basal seed attachment point.
186
the lack of an adequate method of determining
maturi ty; however, the fact that oi l content increases
to a point wi th groundnut maturity has been known
for 50 years (Patel and Seshadri 1935). The work of
Pickett (1950) and Schenk (1961) provided informa-
t ion on the rate of oi l synthesis relative to time after
the gynophore entered the soil, and suggested rapid
oi l synthesis during the early stages of seed develop-
ment. Worth ington (1968) noted changes in total oi l
and fatty acid composition in various groundnut
parts as groundnuts matured. Pattee et al. (1974a)
were probably the first to report separation of
groundnuts into distinct physiologically identifiable
categories to observe change in frui t parts.
Studies of groundnut oil-fatty acid composition
and change wi th broad maturi ty levels have been
reported (Senn 1969, Young et al. 1972, 1974); how-
ever, Sanders (1980a, 1980b) made an indepth study
which demonstrated that not only did the relative
weight percent of specific oi l fractions change wi th
matur i ty, but that the fatty acids of these fractions
also changed. The data demonstrated that tr iacyl-
glycerols increased to a physiological maturi ty stage
commonly associated wi th a mature groundnut,
while free fatty acids and diacylglycerols continued
to decrease throughout maturat ion. This data and
other works by Sanders et al. (1982) and Pattee et al.
(1974a, 1974b) demonstrate that some changes con-
tinue through maturat ion, but many oi l components
reach a plateau before maturat ion is complete.
Investigations in which composition or change in
composition (Mohapatra and Pattee 1973) were
described relative to maturi ty, indicate that there is a 
definite relation between oi l composit ion, ease of
composition change, and maturity. O i l composition
studies f rom various aspects definitely indicate that
maturi ty is related to quality and thus any agrome-
teorological factor that delays or enhances the matu-
rat ion process also affects the inherent quality of the
groundnut produced.
In addit ion to oi l content and composit ion, car-
bohydrates, free amino acids, and proteins in ground-
nut are closely related to maturi ty (Schenk 1961,
Pattee et al. 1974a, Oupadissakoon et al. 1980,
Basha et al. 1976, Cherry 1974). Schenk (1961) noted
that crude protein increased wi th maturat ion and
Cherry (1974) later reported that large molecular
weight storage globulins were rapidly deposited 9-12
weeks after pegging, and varied quantitatively among
mature seeds grown in different environments. Basha
et al. (1976) reported that very early in the develop-
ment of groundnut seeds (possibly at the time of
pegging) free amino acids are rapidly synthesized.
As seeds mature, these stored free amino acids are
converted to storage proteins and or nonprotein
constituents. These latter changes were especially
conspicuous between the immature and low-inter-
mediate stages of seed maturat ion, when fresh
weight rapidly increased. In addit ion, the precursor
role of free amino acids dur ing protein deposition in
groundnut seeds is evident, i.e., maturing seeds con-
taining high amounts of free amino acids deposited
protein more rapidly than those wi th a low content
of these constituents.
Tota l carbohydrate content of immature seeds of
all cultivars included in a study by Basha et al. (1976)
ranged between 25 and 35% and declined continu-
ously thereafter to levels of approximately 10% at
the most mature stage. These observations agreed
wi th the findings of Pattee et al. (1974a, 1974b)
which showed that immediately after pegging, car-
bohydrate content of maturing seeds increased and
then declined. Matur ing seeds probably used stored,
nonstructural carbohydrates as a source of energy
for synthesis of lipids and protein. Quantitative
changes in free amino acids, carbohydrates, and
total proteins in maturing groundnut seeds may be
closely related to one another but may vary among
cultivars (Basha et al. 1976).
This very brief and noncomprehensive review
should adequately demonstrate a biochemical basis
for reduced postharvest quality in physiologically
immature groundnut. A biochemical basis for poor
quality also sometimes exists relative to cultivar,
growing location, and other factors; however, wi th in
defined parameters, maturity is a dominant quality
factor.
Maturity—Environment
Groundnut maturation is affected by many agrome-
teorological factors, but two of the most inf luential
are soil moisture and soil temperature. Dur ing stress
from low soil moisture, the soil temperature increases.
This may result f rom higher air temperatures or
f rom the fact that in severe drought stress, ground-
nut canopies recede and expose more soil to direct
solar radiation. Dur ing adequate-moisture condi-
tions soil temperature below the groundnut canopy
tends to be lower than unshaded soil but may vary
due to season or elevation. We have used the matur-
i ty profi le to evaluate the effects of end-of-season
drought-stress durat ion, degree of drought stress,
and soil temperature on maturat ion of Florunner
groundnuts.
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Figure 1. Effect of drought-stress durat ion on matur i ty distribution of F lorunner groundnuts. ( M a t u r i t y
stages beginning with the most immature are Y1 = yellow 1, Y2 = yellow 2, Or = orange, Br = b rown, and B1 = 
black. 1 = irr igated, 20 D B H , 30 D B H , 40 D B H , and 50 D B H = no water and 29-30° C mean geocarposphere
temperature for 20, 30, 40 , and 50 d before harvest).
Drought-stress durations of 30-50 d (mean geo-
carposphere temperature of 29-30°C) before harvest
(142 days after sowing, DAS) produced marked
delays in maturat ion of Florunner groundnuts (Fig.
1). In the 40- and 50-d treatments approximately 2%
of the total number of full-sized pods were consi-
dered mature and no pods were present in the most
mature category (black). The large number of pods
in the yellow 2 category is consistent wi th numerous
field observations f rom drought-stressed situations.
The 30-d treatment provided some delay in matura-
t ion although more of the yellow 2 category did
progress into the next most mature category than
did pods in the yellow 2 category in treatments of
longer durat ion. The ful ly-irr igated treatment was
overall more advanced in maturi ty profi le than the
various drought- and temperature-stress treatments.
However, f rom a harvest-date basis the profi le indi-
cated that they may have been dug somewhat early.
In a recent study (Sanders, T . H . , U S D A , ARS,
National Peanut Research Laboratory, Dawson,
Georgia, and Schubert, A. M . , Texas A & M Univer-
sity, Yoakum, Texas, unpublished) various degrees
of drought stress were induced in Florunner ground-
nut research plots by scheduling irr igation using a 
canopy temperature stress degree day index. A l l
stress treatments were harvested 134 D A S and delay
in maturat ion was directly related to degree of stress.
Use of the Hull-Scrape method of harvest-date pre-
dict ion indicated only a 4-10 d differential in digging
date among the treatments, but number of pods in
immature stages increased wi th increase in stress
severity. Plants subjected to the most severe drought
stress not only produced smaller yields but also had
seed-size distributions containing the greatest per-
centages of small seed (Table 2). The effect on seed
size would be masked by some current groundnut-
grading procedures which use a 6.4-mm screen to
determine sound mature kernel ( S M K ) percentages.
Weight percentages of seed r iding a 6.4-mm screen
were 94.6% for min imum, 96 .1% for moderate, and
90.4% for severe drought stress. However, differen-
ces are evident when percent weight of seed r iding a 
7.9-mrn screen are considered (min imum stress,
53.4%; moderate stress, 39.5%; severe stress, 25.2%).
Temperature measurements were not made in this
188
Table 2. Effect of degree of drought stress
distr ibution of Florunner groundnuts.
Stress Screen size (mm)
level 9.5 8.7 7.9 7.1 6.4 5.6
Weight (%)
M in imum 1.8 13.0 38.6 31.8 9.7 2.8
Moderate 0.2 5.9 33.4 43.1 13.5 2.1
Severe 0.4 3.6 21.1 37.2 28.1 7.5
on seed size
4.8 <4.8
1.2 1.1
0.7 1.1
1.4 0.7
s tudy and thus i t canno t be assumed tha t d r o u g h t
stress a lone accounted f o r these di f ferences.
A l t h o u g h separa t ion o f the effects o f soi l t empera -
tu re and so i l mo is tu re is d i f f i c u l t , we have conduc ted
studies tha t demons t ra ted the effect o f soi l tempera-
tu re o n m a t u r a t i o n o f F l o r u n n e r g r o u n d n u t s (Sand -
ers and B lankensh ip 1984). In these studies we
a t tempted to m a i n t a i n adequate so i l mo is tu re in the
heated, amb ien t , and coo led soi l t rea tments wh i ch
were located in the same small-plot area. Soil
temperatures followed normal diurnal patterns but
heating cables and cooling coils were used to increase
or decrease the temperatures. Mean geocarposphere
temperatures were modified f rom 28 D A S through
harvest. The heated treatment (29.2°C) had an
advanced maturity profi le, while the cooled treat-
ment (23.1°C) was delayed compared to the control
or ambient treatment (26.0°C) (Fig. 2). The study
became intr iguing when sizing revealed a seed-size
distr ibut ion containing many more large seeds in the
cooled treatment and overall smaller seeds in the
distr ibution of size in the heated treatment.
The fact that the most immature maturi ty profi le
had a seed distr ibution containing the greatest per-
centage of large seed and the most mature profi le
contained more small seed indicated that the size-
maturity relationship could be altered by the envi-
ronment. Evaluation of the same specific size seed
f rom each plot revealed that seed f rom the cooled
plot were more physiologically immature than those
f rom the ambient plot, which were more immature
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Figure 2. Effect of soil temperature on maturat ion of Florunner groundnut at 130 days after sowing. (Ma tur i t y
stages beginning wi th the most immature are Y1 = yellow 1, Y2 - yellow 2, Or - orange, Br = b r o w n , and B1 -
black) .
than those f rom the heated plot. These evaluations
confirmed that a maturity-size relationship did exist
w i th in each lot. In studies w i th a spanish-type
groundnut (cv Sellie), Dreyer et al. (1981) found that
lower soil temperatures produced the greatest number
of fruits and delayed maturat ion. No numerical
estimate of maturi ty or seed-size informat ion was
provided in that study. Will iams et al. (1983) reported
a close relationship of seed size to pod maturi ty for
nine different groundnut varieties. The maturity-size
relationship for the Florunner variety is shown in
Figure 3. Pod and seed weights reached a max imum
at the beginning of the 'black' mesocarp color matu-
r i ty class and pods had reached 90% of their maxi -
mum size by the end of the 'white ' maturi ty stage.
Increases in seed size were not measurable past the
late 'b rown ' stage.
Maturity—A. flaws/aflatoxin
Groundnuts without obvious damage can be invaded
by A. flavus and contaminated wi th af latoxin in the
field before digging. This phenomenon has been
associated wi th drought for a number of years and
recently precise temperature and time factors have
been delineated. Research has shown that mean
drought geocarposphere temperatures between ap-
proximately 26°C and 31°C for 30 d or more wi l l
produce aflatoxin-contaminated groundnuts (Sand-
ers et al. 1981, 1983, H i l l et al. 1983, Blankenship et
al. 1984, Cole et al. 1984). This work demonstrated,
contrary to early reports, that small immature pods
and seed were the first to become contaminated,
were the most heavily invaded, and generally con-
tained the highest af latoxin concentrations. Sanders
et al. (1981) reported that the incidence of A. flavus 
in groundnut maturity stages of irrigated and drought
treatments was obviously different 17 d after drought
treatment began. Incidence of A. flavus in maturi ty
stages in al l treatments generally increased wi th time
and at 144 D A S (50-d drought) pegs and small pods
(white stage) were approximately 70% colonized and
mature pods (brown and black stages) were approx-
imately 30% colonized. F rom the same studies H i l l
et al. (1983) reported that aflatoxin content increased
as seed size decreased.
High aflatoxin content in small, immature ground-
nuts has been verified in subsequent plot studies
(Blankenship et al. 1984) and in studies on separa-
t ion and removal of aflatoxin-contaminated kernels
in groundnut-shelling plants (Davidson et al. 1981).
Cole et al. ( In press) indicated that A. flavus invasion
and af latoxin production were separate events and
suggested that some inherent mechanism preventing
aflatoxin format ion broke down under stress in
response to increased growth of the fungus after
invasion. It is possible that such a resistance mecha-
nism operates, in fact, at the level of fungus invasi-
on /growth and thus indirectly regulates aflatoxin
product ion. The relation of maturi ty and size to
colonization and af latoxin content suggests that
mature groundnuts are less susceptible to A.flavus 
invasion/aflatoxin production or have passed through
the most susceptible maturity stage before drought
conditions began.
Maturity—Storage
The fact that immature groundnuts are physiologi-
cally inferior to ful ly-mature groundnuts and more
likely to be invaded by A. flavus serve amply to
indicate that immature groundnuts also present a 
special problem in storage. Recently, Smith (Smith,
J.S., U S D A , A R S , National Peanut Research Labo-
ratory, Dawson, Georgia, unpublished) measured
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Figure 3 . The relat ion of F lorunner groundnut
matur i ty stage to seed size. ( M a t u r i t y stage begin-
n ing wi th the most immature are Wh = white, Y1 = 
yellow I , Y2 = yellow 2, Or = orange, Br = brown, and
B1 = black.)
the moisture content of immature groundnuts as
they were moved f rom harvest through 158 d of
farmers' stocks storage in a large warehouse. At
harvest the groundnuts contained 68% moisture,
which decreased to 49% after windrow drying and
combining (5 d after digging). Moisture content of
the groundnuts dropped to 26% after artif icial dry-
ing and even after storage for 5 months the ground-
nuts contained 17% moisture. This moisture content
is unacceptable for any storage period. A l l lots do
not have the same moisture content but it is a com-
mon sight in inshell storage to f ind immature pods
covered with some fungus growth. Immature ground-
nuts in cold storage can often be identified by the
preponderance of visible fungus growth. The fact
that immature seed are less metabolically quiescent
at harvest suggests that biochemical changes may be
more prone to occur in these immature seed (Moha-
patra and Pattee 1973). Data in Table 3 demonstrate
that small immature seed are more prone to deterio-
rat ion in storage than are large seed. We must
assume here a consistent maturity-size relationship.
Pattee et al. (1982) found that a storage-moisture
content difference of only 3% (6% vs 9%) produced
significant differences in free amino acids and free
sugar and suggested that the 9% moisture content
allowed increased hydrolysis of complex constitu-
ents and caused significant deterioration of quality.
Table 3. Effect of inshell storage on increase in percent free
fatty acid, and total carbonyl content of various sizes of
Florunner groundnuts.
Size (mm)
> 8.3
> 7.1 < 8.3
> 6.4 < 7.1
> 5.6 < 6.4
Free fatty acid
Inital Final
% as oleic acid
0.10 0.15
0.10 0.19
0.11 0.23
0.10 0.27
Total carbonyls
Ini tal Final
moles kg-1 oi l
0.88 2.09
0.84 2.14
1.12 2.59
1.25 2.94
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Cropping Systems wi th Groundnut:
Resource Use and Productivity
R . W . W i l l e y , M . N a t a r a j a n , M . S . R e d d y , a n d M . R . R a o 1
Abstract
In the rainfed semi-arid tropics (SAT) the relatively short growing season usually limits the choice 
of cropping systems with groundnut, either to sole-crop or intercropping systems. This paper 
examines some of the mechanisms associated with environmental factors that can enable i n te r -
cropping systems to outyield sole-crop systems. Temporal intercropping systems, where the 
component crops make their peak demands on resources at different times, are illustrated with a 
groundnut/pigeonpea system. In this system higher yields from intercropping are associated with 
a fuller use of environmental resources over time. Spatial intercropping systems are illustrated 
with a 3-year rainy-season study on millet/groundnut. A higher yield from intercropping was 
most notably associated with improved light-energy conversion. Drought-stress studies on 
sorghum/groundnut and millet/groundnut showed no stress effects on the relative dry-matter 
yield advantages of intercropping. However, relative reproductive yield advantages of i n t e r c r o p -
ping increased markedly with stress because the harvest index of sorghum and groundnut 
decreased much less in intercropping than in sole cropping. The importance of nitrogen fixation 
in intercropped groundnut and the likely benefits to nonlegume companions or following crops 
are also discussed. 
Resume
1. Professor of Natural Resources, School of Developmental Studies, University of East Anglia, Norwich, UK, and Cropping Systems
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I n t r o d u c t i o n
A cropping system growing annual crops is usually
defined as the combination of crops grown on a 
given area within any one year. In humid areas wi th
a potentially long growing period, several cropping
systems may be possible. But in rainfed semi-arid
areas the possible systems are much more l imited.
W i th groundnut, a relatively long-season crop that
usually occupies all or at least the greater part of the
potential cropping period, there are usually only two
alternatives: either the groundnut can be grown as a 
single sole crop, or it can be interplanted wi th other
crops in an intercropping (or mixed cropping)
system.
Despite increasing research attention during recent
years, intercropping systems are stil l poorly under-
stood compared wi th sole-crop systems, but there is
considerable evidence that intercropping can often
provide substantial yield advantages over sole crop-
ping. Some of the mechanisms that bring about
these advantages are associated wi th environmental
factors. These particular mechanisms and how they
operate specifically in groundnut intercropping sys-
tems are considered in this paper. Sole-crop systems
are considered only where they provide the basis for
comparison with intercropping systems.
Use o f E n v i r o n m e n t a l Resources
Probably the most common cause of higher yields
f rom intercropping over sole cropping is the improved
use of environmental resources. Put very simply, if
component crops in an intercropping system use
resources differently than when grown together, the
crops complement each other and make better over-
all use of resources than when grown as separate sole
crops. For convenience such complementarity is
often considered as either temporal or spatial.
Temporal Complementarity
Temporal complementarity occurs when compo-
nent crops make their major demands on resources
at different times during the season. In groundnut
systems, this k ind of complementarity is particularly
evident when groundnut is intercropped wi th long-
season crops such as cotton, castor, pigeonpea, or, in
more humid areas, cassava. This k ind of combina-
t ion is common in most groundnut areas, although
management of the system may vary considerably
according to the relative importance of the compo-
nent crops. Wi th cotton or castor, which are often
regarded as crucial, relatively high-investment cash
crops, groundnut is commonly a supplementary
crop grown wi th l itt le or no sacrifice of the cotton or
castor. In contrast, groundnut is usually the more
important crop in the groundnut/pigeonpea combi-
nation commonly grown in India. In this system
groundnut is usually sown as a reasonably fu l l stand
with only occasional rows or plants of pigeonpea.
Resource use and productivity in these temporal
systems is illustrated by some work at I C R I S A T
Center on a groundnut/pigeonpea combination.
Two-row arrangements, in which pigeonpea was
grown in rows spaced at 1.2 m and 1.5 m wi th three
and five intervening rows of groundnut respectively,
were examined. With in-row spacings were adjusted
so that each crop had a plant population equivalent
to a fu l l sole crop as an attempt to produce high
yields in each. There was litt le difference between the
two treatments so only mean yields are presented
here. The groundnut (cv Robut 33-1) was harvested
at 95 days after emergence (DAE) and the pigeonpea
(cv ICP 1) at 175 D A E .
For most of its growing period the dry-matter
accumulation of intercropped groundnut was only
about 10-15% less than the ful l groundnut sole crop
(Fig. 1A). At least in the early stages it is unlikely
that this yield loss was due to competit ion f rom the
pigeonpea, which established very slowly, and was
probably because compared with sole groundnut,
the intercropped groundnut was unable to utilize the
space allocated to the pigeonpea. By final harvest,
however, yield loss of intercropped groundnut was
24%. By this stage some of this effect may well have
been due to pigeonpea competit ion. Dry-matter
accumulation of pigeonpea was much more affected
by intercropping. Yield loss for the first 110 d ranged
between 40-50%, almost certainly due in part to
competit ion f rom the groundnut. But in the later
stages of its growth the intercropped pigeonpea was
able to benefit f rom the removal of the groundnut
and by f inal harvest the total dry matter was only
28% less than sole pigeonpea. Considering the com-
bined intercropped yield, groundnut produced 76%
of a fu l l sole crop and pigeonpea 72%, i.e., there was
an overall dry matter-yield advantage of 48%. Har-
vest indices were slightly higher in intercropping
than in sole cropping, so reproductive yields were
80% and 78%, respectively, giving a yield advantage
of 58%. This advantage was at a very high level of
productivity: the intercrop absolute yields were 3287
kg ha-1 of groundnut and 1155 kg ha-1 of pigeonpea.
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These results are f rom a single-season experiment,
but they typify what is possible wi th this combina-
t ion. A set of m u l t i n a t i o n a l stability experiments
(5 locations x 4 years) wi th the same combination
gave an average overall advantage of 53%. Other
workers have regarded the pigeonpea as a supple-
mentary component: Appadurai and Selvaraj (1974)
reported a 37% yield of pigeonpea while stil l main-
taining 99% groundnut yield; John et al. (1943)
reported that groundnut/pigeonpea intercropping
was 43% more profitable than sole groundnut. In
contrast, in other temporal combinations the ground-
nut has been regarded as the supplementary compo-
nent. Compared wi th sole castor, groundnut/castor
was 62% more profitable (Reddy et al. 1965) and
32% more profitable (Tarhalkar and Rao 1975).
Similarly, Joshi and Joshi (1965) and Varma and
Kanke (1969) have shown significant increases in
yield and prof i tabi l i ty f rom groundnut/cotton inter-
cropping compared with sole cotton.
The resource-use pattern in these temporal com-
binations is exemplified by the light interception
observed in the ICRISAT groundnut/pigeonpea
experiment (Fig. 1B). In the sole crops, the fairly
rapidly establishing groundnut reached its maxi-
mum interception by about 45-50 d, while the much
slower-growing pigeonpea took unti l 90-100 d. In
the intercrops, early interception was as good as sole
groundnut, which was obviously due to the presence
of a high groundnut population. At groundnut
harvest the interception fell to 50-60%, but by virtue
of the high pigeonpea populat ion, it stayed at a 
reasonable level unt i l pigeonpea harvest. In total ,
therefore, intercropping intercepted more energy
throughout the season than either of the sole crops.
The conversion efficiency of total intercepted energy
into dry matter in intercropping was the same as in
sole cropping. Thus the higher total dry matter in
intercropping was produced not by more efficient
conversion of l ight, but by greater interception.
Al though other resources were not examined in this
experiment, l ight, water, and nutrients have all been
examined in detail in a temporal combination of a 
90-day sorghum with pigeonpea (Natarajan and
Wil ley 1979). For all three resources a large yield
increase in an intercrop was due to the uti l ization of
more resources, and not more efficient conversion
into dry matter. Generally in an intercrop combina-
t ion where there is a large temporal difference
between the components, the simple effect is that the
more rapidly growing crop ensures good use of early
resources, and the slower-growing crop ensures
good use of later resources. Higher yields are thus
produced by the simple process of more complete
resource uti l ization over time.
Spatial Complementarity
The commonest groundnut intercrop is wi th a 
cereal. In semi-arid areas, where the cereal is nor-
mally sorghum or pearl millet, the short growing
season often means that there is litt le difference
between the maturity periods of component crops
and thus much less scope for the k ind of temporal
complementarity discussed in the previous section.
Productivity and resource use in these cereal/ground-
nut systems is illustrated by some I C R I S A T studies
on a pearl mi l let /groundnut combination (Willey et
al. 1983). Figure 2A shows a 3-year average for a 
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Figure 1. Dry-matter accumulation and light inter-
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1 -row mil let/ 3-row groundnut combination in which
within-row spacing for each component was the
same as in sole crops. Plant populations were there-
fore the same as row proport ions, i.e., 25%:75%.
This arrangement is typical of systems where ground-
nut is the major crop, wi th several rows of ground-
nuts interspersed between only occasional rows of
cereal. The mil let was BK 560, harvested at 85 d, and
the groundnut was Robut 33-1, harvested at 100 d.
For most of the growing period the groundnut
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accumulation of dry matter was a little less than the
75% sole-crop yield expected f rom the sown propor-
t ion in intercropping; thus groundnut growth was to
some extent suppressed by the presence of millet.
Towards the end of the season, however, when millet
was senescing and was eventually harvested, the
groundnut was able to recover, and its final yield was
equivalent to that expected. In effect, f inal yield per
plant was the same in intercropping as in sole crop-
ping. In contrast, dry-matter accumulation of the
millet, the more competitive crop, was more than
twice its 25% sole crop expected level, and at f inal
harvest the yield was 62% of the sole crop. Combin-
ing these dry matter yields gave an overall advantage
for intercropping of 36%. For reproductive yields
the advantage was a little lower (25%) because of
small decreases in the harvest indices of both crops.
These results are reasonably consistent wi th other
studies that have shown intercropping advantages of
up to 57% wi th sorghum (Evans 1960, Rao and
Wil ley 1980, Tarhalkar and Rao 1975), and up to
54% with maize (Evans 1960, Ko l i 1975).
Light interception in this intercropping combina-
t ion showed a pattern intermediate between the two
sole crops (Fig. 2B), but intercepted energy was con-
verted into dry matter 23% more efficiently than in
sole crops. Thus, in contrast to the groundnut /p i -
geonpea combination, the higher yield in the inter-
crop was only partly due to the interception of more
light, but mainly due to more efficient l ight conver-
sion. In effect, therefore, this combination must
have displayed some spatial complementarity between
the component canopies so that overall conversion
efficiency was increased. One obvious possibility is
that the erect C4 millet leaves made efficient use of
the high light intensities at the top of the canopy
while the compact C3 groundnut canopy made effi-
cient use of the lower light intensities in the bot tom
of the canopy. A detailed study that tried to separate
the light use of the two crops showed that on a 
plant-for-plant basis, intercropped groundnut inter-
cepted 27% less light than the sole crop, but yielded
the same. It seems likely, therefore, that one of the
major mechanisms in this particular situation was
that shading by millet improved overall light-use
efficiency (LUE) by reducing light saturation in the
groundnut.
Examination of water use in these mil let /ground-
nut experiments was not very conclusive, perhaps
part ly because the experiments were conducted in
good rainy seasons when there was litt le drought
stress. However, there were indications that the
increased yields in the intercrop were partly because
of a greater total water use, and partly because of
reduced evaporation losses. The nutrient-use pat-
tern was quite clear however, and was similar to the
groundnut/pigeonpea combination in that higher
yields in intercropping were associated wi th com-
mensurately higher nutrient uptake. The implication
of this greater nutrient uptake may be that higher
intercropping yields wi l l have to be paid for wi th
higher fertil izer inputs. But there is the possibility
that complementarity between intercrop compo-
nents, perhaps because of different root ing patterns,
could allow the uptake of some nutrient resources
that would not otherwise be used.
Effects of Environmental Stress
These mil let /groundnut studies were carried out
under good conditions: the rainfal l was adequate
and the millet component received nitrogen equiva-
lent to 80 kg ha - 1 for a sole crop. Further studies
examined how the relative advantages of intercrop-
ping were affected by l imited supplies of water
and/or nutrients, two factors of crucial importance
in the rainfed SAT. These studies were also designed
to determine if the importance of improved light-
energy conversion observed in the earlier experi-
ments was at least partly because other resources
were not l imit ing. A dry-season experiment (Vora-
soot 1982) on the same mil let /groundnut system
examined treatments of low drought stress (irrigated
every 10 d) and drought stress (irrigated every 20 d)
factorially combined with low nitrogen stress (80 kg
N ha -1) and nitrogen stress (0 kg N ha -1). Table 1 
indicates that compared to having a good supply of
both resources, the relative yield advantage of inter-
cropping increased slightly if there was lack of either
water or nitrogen, and it increased even further if
there was no evidence that improved efficiency of
light-energy conversion became less important as
below-ground resources became more l imit ing. Sim-
ilarly there was no evidence that an improved water-
use efficiency (WUE) was affected by the degree of
drought or nitrogen stress.
One of the problems with this stress experiment,
which was laid out in a conventional design, was the
inabi l i ty to examine a reasonable number and range
of moisture regimes. Two subsequent experiments
examined a range of five moisture regimes by estab-
lishing treatments at different distances f rom a line-
source system of irr igation sprinklers. The whole
experimental area was uniformly irrigated up to 25
D A E , and thereafter uni form irrigations were given
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Table 1. Effects of drought and/or nitrogen stress on yield advantages and efficiency of resource use in a mi l let /groundnut
intercrop compared wi th sole crops.
No
stress
LER 1 1.21
Increase in LCE 2 (%) +16
Increase in WUE 3 (%) +14
N stress
only
1.27
+33
+23
Drought
stress
only
1.29
+27
+31
Drought
stress and
N stress
1.39
+24
+24
1. LER = Land-Equivalent Ratio (e.g. a value of 1.21 represents an intercropping yield advantage of 21%).
2. LCE = Light-Conversion Efficiency (based on intercepted light).
3. WUE = Water-Use Efficiency (based on transpired water). Source: Vorasoot 1982.
at 55 and 85 d. Moisture gradients were imposed
with line source irrigations at 35, 45, 65, 76, and 95 d.
Averaged over the two experiments, actual water
received through uniform irrigations and rainfall
was 286 mm. Water application through the line
source ranged f rom 298 mm at the well-watered end
(S1) to only 11 mm at the stress end (S5). Thus total
water received ranged f rom 584 to 297 mm, which
was equivalent to 64- 33% of open-pan evaporation.
Three combinations were studied (Natarajan and
Wil ley, in press) but only some sorghum/groundnut
and mil let/groundnut treatments are presented here.
There were two intercropping treatments wi th each
cereal: 1-row sorghum or mil let /2-row groundnut
(SGG or MGG) , and 1-row sorghum or mi l let /3-
row groundnut (SGGG or MGGG) . Results are
presented as means of the two experiments. In the
sorghum/groundnut combinat ion, Figures 3 and 4 
show that total dry-matter yields of the sole crop
were markedly affected in both crops, ranging f rom
very high yields at S1 to very low yields at S5.
Reproductive yields were even more drastically
reduced by increased drought stress because of large
decreases in harvest indices; sorghum harvest index
decreased f rom 43% at S1 to 20% at S5, while the
comparable groundnut decrease was f rom 34% to
only 3%.
Considering the SGG intercrop (Fig. 3), the total
dry-matter yield of each component remained a 
fair ly constant proport ion of its sole-crop yield over
the whole range of moisture regimes. Thus the inter-
cropped dry matter advantage also remained fairly
constant at about 10-20% . However, wi th stress
increase, the harvest index of each component
decreased less in the intercrop than in the sole crop
particularly for the sorghum, so reproductive yields
in the intercrop were equivalent to an increasing
proport ion of sole-crop yields. Consequently the
intercropped advantage for reproductive yields in-
creased f rom 14% at S1 to 93% at S5. The SGGG
treatment showed a similar trend as stress increased
f rom S1 to S3, but the maximum intercropped
advantage was only 37% (at S3), and this declined
under greater stress. This declining advantage in the
severest stress treatments was particularly associated
with a decrease in the groundnut contr ibution. In the
millet systems (Figs. 5 and 6), the harvest index of
sole millet was only slightly reduced wi th increased
stress, and there was no evidence of any change in
the intercropped millet yield relative to sole-crop
yield. There was again evidence of greater relative
advantages of the intercrop wi th increase in stress,
but this was entirely due to an increase in the
groundnut contr ibut ion, again attributable to a 
change in harvest index. In the M G G G treatment
the maximum relative advantage of 78% was at S4,
in M G G G there was an init ial increase of up to 34%
at S2 but a decline at higher stress levels.
No measurement of resource use was possible in
these experiments, so the possible mechanisms respon-
sible for different magnitudes of yield advantage
wi th different degrees of stress can only be com-
mented on generally. A commonly suggested advan-
tage of intercropping is that crops may complement
each other by rooting at different depths, and if this
utilizes water more ful ly, it can be argued that this
effect would be most advantageous when moisture is
most l imit ing. There is also some indication that the
presence of a shallow-root component may force a 
deep-root component even deeper (Natarajan and
Wil ley 1981). The rather surprising feature of these
results, however, is that increased stress did not
affect total dry matter advantages of intercropping
but only the reproductive yield advantages. But this
could have occurred because all treatments were well
watered init ial ly, and stress only bui l t up later in the
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season when reproductive yields were being formed.
This could also explain why the millet, which
matured much earlier than the other crops, did not
contribute to this effect.
A further possible mechanism is that the cereals
provided a beneficial shading effect on the ground-
nut. This mechanism could help to explain the lower
advantages in the SGGG and M G G G treatments,
because in these treatments the shading effect was
presumably less. It could also perhaps explain the
drop in groundnut contr ibut ion and in reproductive
yield advantage in the severest stress treatments for
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SGGG and M G G G because it was in these situations
that general crop growth was poorest, and thus shad-
ing was at a min imum. More recent studies (D .
Harr is, University of Nott ingham, U K , personal
communication) have supported this possibility of a 
beneficial shading mechanism by showing lower leaf
temperatures in intercropped groundnut than in sole
groundnut. But of course this mechanism cannot
explain why the sorghum crop also had a higher
harvest index in intercropping than in sole cropping,
and if anything, this component made a somewhat
greater contr ibut ion than the groundnut to the large
yield advantage under stress.
The implications of these results are that although
there is good evidence of some very large intercrop-
ping advantages under conditions of drought stress,
these advantages may be specific to particular sys-
tems in terms of the crops they involve, and the plant
populations and row arrangements at which they are
grown. It must be emphasized that in the studies
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Figure 6. Effect of moisture regime on yields and L E R s of a 1-row millet:3-row groundnut intercrop ( M G G G ) .
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reported here, total intercrop populations were
equivalent to the sole crops, and the population of
each individual component was therefore only a 
proport ion of its sole crop. In this situation there is
scope for some complementarity between the crops,
wi th a given component experiencing less competi-
t ion in intercropping than in sole cropping. How-
ever, if total plant populations are greater in inter-
cropping than in sole cropping then increased drought
stress could lower yields. For example, Fisher (1977)
suggested that intercropping was advantageous when
the moisture supply was good but not when it was
l imited, but this was concluded f rom a maize/bean
combination in which total intercrop population
was higher than the sole crops.
Symbio t ic N i t r o g e n F i x a t i o n
One of the advantages frequently claimed for inter-
cropping combinations which include a legume is
that the nitrogen economy of the system is improved
because of symbiotic f ixat ion. But there is little prac-
tical evidence for this because nitrogen effects are
very often confounded with other competitive or
complementary interactions between the crops. Also,
f ixation has seldom been measured directly, but has
usually been inferred f rom yield responses. How-
ever, research has produced some guidelines that can
help assess likely benefits.
Considering first of all the total amount of nitro-
gen that an intercropped legume might return to the
soil, it must be remembered that as with sole crops,
this depends very largely on how much of the plant is
removed f rom the field at harvest. The removal of
the seed takes off a large amount of plant nitrogen,
and in the case of groundnuts the haulm is also
sometimes removed for animal feed. It must also be
emphasized that intercropped legumes are almost
invariably partial crops and so cannot be expected to
f ix, or leave in the soil, as much nitrogen as a ful l sole
crop. A further factor is that nitrogen fertilizer may
well be applied to the nonlegume and it is commonly
suggested that this may decrease f ixat ion. In fact 15N
studies have shown that virtually no fertilizer nitro-
gen was taken up by a groundnut row growing only
30 cm away f rom a millet row to which a high level of
fertilizer was applied. This was attributed to the
much greater competitive abil ity of the millet to
forage for soil nitrogen ( ICRISAT 1984). However,
there is considerable evidence that nitrogen applica-
t ion can increase growth, and the competitive ability
of a nonlegume can reduce growth and presumably
the amount of f ixat ion of a legume component. An
important point here is that the rate of f ixat ion
might be even more susceptible than general growth
to this kind of competition. Some I C R I S A T studies
with maize/ groundnut showed that wi th an increase
in the amount of applied nitrogen to the maize, the
number and weight of nodules per groundnut plant
decreased more rapidly than the dry-matter yield per
plant. Similarly, in one of the rainy-season millet/
groundnut studies referred to earlier, the amount of
f ixat ion per groundnut plant (measured directly by
acetylene reduction) was considerably less in the
intercrop than in the sole crop even though dry-
matter yield per plant was virtually unaffected
(Nambiar et al. 1983). The most obvious cause of
this decreased nodulation and f ixat ion was lower
light-energy receipts by the groundnut because of
shading by the cereals, an effect that was measured
in both studies. The important implication, how-
ever, is that shaded groundnut intercrops may well
be f ix ing even less nitrogen than might be supposed
from their growth.
There remains the question of how any fixed nit-
rogen might benefit the overall intercropping sys-
tem. It is most commonly supposed that the benefit
is a direct one to any nonlegume crop actually grow-
ing with the legume. But the benefit can also occur as
a residual effect on subsequent crops. Studies with a 
range of legumes have indicated that a direct benefit
is most likely to occur when the legume is the earlier
maturity component and thus releases some nitro-
gen sufficiently early for an associated nonlegume to
be able to respond. Conversely, when the legume is
later-maturing, any benefit is more likely to be
expressed as a residual one on fol lowing crops
(Agboola and Fayemi 1972, Nair et al. 1979). Thus
groundnut seems most likely to provide a direct
benefit only to the kind of long-season intercrop
described earlier. For example, there are reports of
benefits to castor and cassava intercrop (Reddy et al.
1965, Khon Kaen University 1977). But if groundnut
is intercropped with cereals, any benefit is more
likely to be on fol lowing crops. This residual effect,
and some of the other effects discussed above, are
illustrated by a 3-year maize/groundnut study at
I C R I S A T Center. Sole maize was grown as two
rows 75 cm apart on a 150-cm bed. This same pattern
was maintained in intercropping to avoid confound-
ing spatial arrangement or plant population effects
with intercropping effects. The groundnut was added
as two intervening rows. Residual effects were exam-
ined on a fol lowing sorghum crop to which four
levels of nitrogen were applied to allow any benefit
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to be quantif ied in terms of an equivalent amount of
applied nitrogen.
W i t h no nitrogen added the sole maize crop was
relatively poor (2.19 t ha -1). Add ing a groundnut
intercrop gave a good yield of groundnut (1.17
t ha -1) in this low-nitrogen situation, but far f rom
giving any evidence of nitrogen transfer, there was a 
net competitive effect by groundnut, and maize yield
was reduced by 23%. However, this good groundnut
intercrop provided a benefit to the fol lowing sorghum
that was estimated to be equivalent to about 20 kg
ha-1 of applied nitrogen. When nitrogen was added
to the maize the yields of maize were good but
groundnut was very much suppressed (0.461 ha-1).
Emphasizing an earlier point, there was no evidence
that this poor groundnut intercrop provided any
benefit either to the maize or to the fol lowing
sorghum.
Despite the lack of evidence for direct benefit to a 
companion nonlegume, there may stil l be important
indirect nitrogen benefits because of the presence of
a groundnut intercrop. In systems where the nonle-
gume intercrop is grown at a lower plant populat ion
than a sole crop, there may be a nitrogen benefit
because, as emphasized earlier ( I C R I S A T 1984), the
groundnut is less competitive for soil nitrogen. In
effect, this means that the nonlegume intercrop may
be able to obtain more nitrogen per plant than as a 
sole crop. This possibility is supported by a mil let/
groundnut study in which the intermingling of millet
and groundnut root systems was prevented by insert-
ing underground partit ions between the crop rows
(Wil ley and Reddy 1981). Intercropped millet grow-
ing between partit ions was paler, and presumably
short of nitrogen, compared wi th an unpartit ioned
intercrop. In the unpartit ioned systems millet was
able to take up nitrogen f rom the rows examined by
groundnut, confirmed more recently wi th 15N stud-
ies ( I C R I S A T 1984). Thus it seems possible that a 
groundnut intercrop may sti l l indirectly improve the
nitrogen status of a nonlegume companion crop,
even where it does not make any f ixed nitrogen
available. This effect could be particularly impor-
tant in the many semi-arid areas where soil nitrogen
is extremely low.
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Climate and Groundnut Product ion
Discussion
R. W. Gibbons:
As groundnut hay is an important and valuable
commodity, would you care to comment on the
aflatoxin content of hay?
R. E. Pettit:
There is a problem. Amadu Ba has reported consid-
erable animal sickness as a result of consuming hay.
There is very litt le work concerning the influence of
aflatoxin in the hay. I realize that hay and grasses
contain various fungi besides aflatoxin. These fre-
quently cause disease problems in livestock of differ-
ent types. Certainly this is a possibility we should
consider. If the hay is dried rapidly enough, certainly
it is not an ideal substrate for these fungi.
J. H. Williams:
I would like to point out that the way hay is dried is
related closely to the relative humidi ty and tempera-
ture of the environment you are dealing wi th. You
cited treatments indicating that we should dry
groundnuts on mats, etc. In the summer environ-
ment of India, this wi l l produce temperatures that
wi l l actually k i l l the seed. We measured tempera-
tures in excess of 60°C inside the pods put out in the
sun without any black surfaces to promote temper-
atures.
R. E. Pettit:
I th ink all of us realize this would be a problem in
destroying not only the viabil i ty but also the quality
of the seed. How to dry groundnuts rapidly and
safely in these environments is a diff icult question.
B. Sarr:
Don' t you th ink that irr igat ion may make the tissue
more susceptible to invasion by Aspergillus. 
R. E. Pettit:
To me the value of i r r igat ion treatments appears to
be in reducing the activity of the Aspergillus group
and increasing the activity of the other fungi. You
say that because of i rr igat ion the tissue may be more
susceptible, but I see no evidence of this.
T.H.Sanders:
a. Irr igat ion by itself reduces soil temperatures.
b. Regarding af latoxin levels in the hay, we made
some measurements. In the hay alone we did not find
any af latoxin. But we did find considerable amounts
in the small, immature pods that are left attached to
the hay. There was some work done in Austral ia
which indicated a connection.
c. The screening methods that are generally accepted
employ dried, rewetted seed which are then inocu-
lated wi th the fungus A. flavus. I would submit that
since preharvest is the greatest problem for afla-
tox in , the relationship between a dried, rewetted
groundnut and a pod that is developing in the soil is
not good. Hence extreme care should be taken to
grow resistant varieties in the field where conditions
conducive to aflatoxin production are present before
we make a statement that there is no af latoxin there.
D. Smith:
a. Dur ing our survey in Senegal last year, there was a 
severe aphid infestation in the northern areas near
Louga. That was in contrast to the situation here.
b. Very often the fungus Leptoserolina colonizes the
necrotic tissue damage caused by leaf hopper and
there is a confusion between what is known as Lep-
toserolina leaf scotch and the damage caused by leaf
hopper.
R. W. Willey:
Has Dr . Lynch any evidence that intercropping wi th
groundnuts can affect insect populations? There is
good evidence that cereal intercrops can reduce
insect incidence on cowpea in West Afr ica. Is there
any comparable evidence for groundnut?
R. E. Lynch:
I am not aware of any research that has been con-
ducted or published. In general, intercropping may
increase certain insect problems while decreasing
others. In certain instances, insect diversity tends to
increase wi th intercropping and the increased diver-
sity leads to a decrease in pests.
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P. Sankara:
While you take control measures for certain insects,
wouldn't it eliminate some other beneficial insects
and cause a reduction in yield?
R. E. Lynch:
Yes, first of all you have to identify the insect that is
actually causing damage before you can develop
control measures. We are trying to conduct research
along that line this year by applying insecticides at
various stages of development to inhibit damage by
thrips and leaf hoppers, and later by termites and
millipedes. Then we wi l l look at the yield and quality
of the crop to determine what effect they are having.
A. Ba:
Frequent attacks by millipedes on groundnut have
been observed in the central region of Senegal. Ter-
mites have also caused important damage on ground-
nut pods. Is there any method of agronomic control
to reduce these attacks?
R. E. Lynch:
When he was working in Senegal, Dr . Masses
looked at several control measures for termites;
however, farmers wi l l not be able to use chemical
control measures either for millipedes or termites.
We need to develop cultural control methods. For
millipedes, we need to remove all the stumps, and all
termite mounds. By this you should be able to reduce
the millipede populations. We have not done any
research on this, but this needs to be looked at
thoroughly.
Populations of millipedes in Burkina Faso are
low. However, considering the damage they cause in
Senegal, this could be an important yield-reducing
factor in Burkina Faso.
R. W. Gibbons:
There is some preliminary evidence that there might
be varietal resistance or tolerance to pod-scarifying
termites. Dr . Schilling in Cameroon also noticed
differences between cultivars to millipede damage.
M. Bernardi:
We have seen a strong relationship between the cli-
mate, the crop, and the pests. I P M needs good moni-
tor ing of all weather factors, but in reality today we
don't know the reaction of pests to drought. Varietal
resistance can also vary because of the presence or
absence of pests.
R. E. Lynch:
Insects are the most successful organisms on earth
accounting for about three-fourths of the animal
species. As such they have been able to exploit every
niche. Certain insects thrive in humid conditions,
certain others prefer dry regions. For example, ter-
mites in SAT Afr ica and the lesser cornstalk borer
Elasmopalpus lignosellus in the U.S. are major
groundnut pests only when the crop is under drought
stress. Conversely, millipedes in SAT Afr ica and the
southern corn root worm in the U.S. are pests only
under moist conditions. In many instances, the fac-
tors that regulate the population dynamics of arthro-
pods are not understood. This is primari ly due to
insufficient study of the biology and population
dynamics of these arthropods. A thorough study
may indicate key factors that regulate population
fluctuations in one area, which in turn may be used
to reduce populations in another area. Also, as you
mentioned, varieties resistant to one insect must be
thoroughly investigated for susceptibility to other
insects over a wide area before they are released.
After these factors are known, weather monitoring
and forecasting are extremely important for predict-
ing arthropod population increases and/or damage.
R. E. Lynch:
Did I understand you correctly that yield under
intercropping was greater per unit area than under
monocropping?
R. W. Willey:
Yes.
A. P. Ouedrago:
What is the influence of cooking temperatures on
Aflatoxin? Does peanut butter keep well if by chance
infected seeds were used?
T. H. Sanders:
a. Af latoxin per se is not destroyed by cooking
temperatures. The fungi itself is rendered relatively
useless.
b. Moisture content of peanut butter is generally low
enough so there is usually no problem.
M. Konate:
Do soil temperatures influence Aflatoxin develop-
ment? If so, have you looked at the possibilities of
using air temperatures for predictive purposes?
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T. H. Sanders:
The work we carried out in plot studies suggests that
the opt imum temperatures for aflatoxin develop-
ment are in the soil in which the pods develop. In our
area this is 5 cm and up. Work is being developed on
the lines of modeling to predict soil temperatures
from air temperatures under different canopies.
A. Ba:
a. In your work you have successfully described the
pod maturity of the florunner variety based on the
color of the mesocarp. Do you think that your scale
could work for all varieties?
b. What do you think of the usefulness of arginine
index in characterizing the maturity stage of ground-
nut?
c. You have considered the oleic acid to linolic acid
ratio, ls'nt it more advantageous to obtain a high
linolic acid content in order to raise the nutritive
quality of groundnut oil and get it close to other
vegetable oils which are considered light?
T. H. Sanders:
a. The color of the pods simply relates to the physio-
logical condit ion. In a mature state groundnut is
physiologically quiescent. There is very litt le bio-
chemical activity taking place. The color ranges
f rom white to black. That color can be related to the
internal color of the mesocarp. Just when groundnut
begins to turn brown, the mesocarp turns brown.
b. It has been our experience that stress conditions
cause a real problem for use of arginine maturity
index to determine maturity.
c. The relationship of oline to linolic acid in matu-
rity: the amount of unsaturation has generally been
related to storability, the more unsaturated being
less stable. Higher soil temperatures resulted in more
saturated oils generally.
R. W. Gibbons:
Traditionally long-season Virginia varieties have a 
higher oleic to linolic acid ratio, and that oi l keeps
well, as Dr . Sanders just pointed out. The recent
trend in West Afr ica is to go more towards the
Spanish varieties because of early maturity. These
have a low 0 : L ratio, so the oi l does not keep well.
However, there is a variety in Senegal, 7330, a hybrid
between Spanish and Virginia, that is early and dor-
mant, has a good 0 : L ratio, and it's oi l keeps better
than that of 55437. So I think the breeders should be
aware that they ought to look at the 0 : L ratio for
early-maturing varieties for stability.
D.Smith:
With reference to Puccinia arachidis, there was a 
report some years ago in Phytopathology that the
uredospores produce a germination self inhibitor.
This has been found in other rust uredospores. So
this probably bears on some of the observed discrep-
ancies.
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Weather-Sensitive Agricul tural Operations in
Groundnut Product ion: The Niger ian Si tuat ion
J . Y . Y a y o c k a n d J . J . O w o n u b i 1
Abstract
Groundnut production is currently confined largely to the Sudan and Northern Guinea Savanna 
zones in Nigeria, and is dependent on the availability of rain water, matching the crop-growth 
cycle to the length of the growing season, as well as the seasonably variable sunlight and 
temperature regimes. Agronomic operations and effective management practices are oriented 
towards the prevailing weather conditions in production areas. The recent downward trend in the 
total annual rainfall and the reduction in the length of the rainy season have necessitated a 
southward production trend. There are many implications of this shift: the need to match 
appropriate groundnut cultivars to the longer growing season; the use of cultivars that are 
resistant or at least tolerant to the major insect pests and diseases of the wetter and more humid 
Guinea savanna; devising ways to alleviate the inevitable problems of lifting if the crop remains 
unharvested up to the end of the rainy season; devising ways to efficiently dry the crop if it is lifted 
before cessation of rains; and the need for efficient handling of the produce in order to ensure high 
kernel quality devoid of contamination, especially aflatoxin. 
1. Agronomist and Agroclimatologist, Faculty of Agriculture, Institute of Agricultural Research, Ahmadu Bello University, PMB 1044,
Samara, Zaria, Nigeria.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT,
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I n t r o d u c t i o n
Groundnut is the most important cash crop in Nige-
r ia nor th of latitude 10°N. Its products, including
kernels, o i l , and cake, once accounted for as much as
20% of the total Nigerian export earnings while at
the same time satisfying local requirements for edi-
ble nuts. The estimated groundnut-growing area
annually ranges between 0.8 and 1.2 mi l l ion ha,
comprised largely of small farms, averaging 0.25-1.0
ha. The crop is mostly intercropped wi th such
cereals as millet and sorghum, wi th invariably low
populations. The annual production of groundnuts
reached an all-time peak of over 1 mi l l ion t of kernels
in 1967/68. However, since then production has
been progressively decreasing such that the current
output level of 0.4-0.5 mi l l ion t is inadequate to
satisfy even local needs.
Several factors have contributed to declining pro-
duction. Among the important causes are drought
(Kowal and Kassam 1973), disease epidemics (Yayock
et al. 1976, Yayock 1977), as well as suspected varia-
bi l i ty in temperature (Yayock 1978). In addit ion, the
higher opportunity costs associated wi th cultivating
groundnuts instead of cereals has tended to lead to
an abandonment of groundnuts and other 'cash'
crops.
Vir tual ly al l research effort toward f inding solu-
tions to these and other problems of groundnut pro-
duction has been based at the Institute for Agricul-
tural Research, Samara. Essentially, the thrust of
our effort centers on deriving a basic understanding
of the crop in relation to its environment, as well as
developing appropriate agronomic technologies to
improve product ion and productivity. In contribut-
ing the Nigerian experience to the theme of this
symposium, we have attempted to focus attention on
the agronomy of groundnut in the context of those
management practices and operations that are con-
strained by adverse climatic factors.
N i g e r i a n C l i m a t e
Nigeria lies wi th in the tropics, between latitudes 4-
14°N and longitudes 2-15°E. The climate is charac-
terized by distinct wet and dry seasons, wi th most of
the cropping done during the wet season. Cropping
dur ing the dry season necessarily involves the fu l l
use of i r r igat ion water. The mean annual rainfal l ,
potential evapotranspiration, and the length of the
growing season across the country are shown in
Figure 1. Each of these parameters shows a north-
south gradation. The various vegetation zones are
depicted in Figure 2 while their characteristics are
described in Table 1. Nigeria's geographical loca-
t ion, the abundance of sunshine (global radiation
input of 400-500 W m-2 averaged over 12 h), and the
moderately warm temperatures (20-25°C) during
the rainy season constitute assets to crop-water
demand throughout the year; the amount and distri-
but ion of rainfal l as well as the length of the growing
season are constraints to the types of groundnut
varieties that can be successfully cultivated.
A r e a o f P r o d u c t i o n
For successful cult ivation, groundnut requires well-
drained soils, a relatively short wet season lasting
not less than 100 d, and an abundance of sunshine.
The tradit ional areas of product ion in Nigeria are
mainly located within the Sudan and the northern
two-thirds of the Northern Guinea savannas and
Table 1. Gross characteristics of Nigeria's ecological zones.
Vegetation
zone
Sahel
Sudan savanna
Northern Guinea savanna
Southern Guinea savanna
Forest
Coastal swamps
Approx.
latitude
(°N)
12-14
10-13
8-11
6-8
5-7
4-6
Annual
rainfall
(mm)
500 or less
500-900
900-1400
1000-1650
1550-2550
2300-4100
Length of
season
(days)
90 or less
90-130
130-190
190-250
250
250
Soil type
Ar id brown,halomorphic
Non-leached, ferruginous
Leached, ferruginous
Concretionary ferrisols
Ferrisols/Ferralit ic
Juvenile
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Figure 1 . Nigeria: ( A ) mean annual rainfal l ( m m ) , (B ) annual potential evapotranspiration ( m m ) , ( C ) average
durat ion of wet season (months).
bordered roughly by latitudes 9 and 13°N. Typical
values of evaporation, rainfall distr ibut ion, as well
as variations in temperature and relative humidity,
are shown for Samaru which is located wi th in the
main producing area (Fig. 3).
Vir tual ly no rain falls between October and May
towards the northern border of the main producing
area and between November and February towards
its southern fringes. Benoit (1977) has demonstrated
that the growing season could be assumed to begin in
the main groundnut zone when accumulated rainfall
in any one year totals 75 mm. Thereafter and
throughout the durat ion of the growing season, the
possibil ity of a dry spell lasting longer than 10 con-
tinuous days is virtually n i l . This contrasts to the
situation immediately south of the zone and stretch-
ing into the Southern Guinea, where there are real
possibilities of dry spells in the middle of the rainy
season lasting longer than 10 days (Fig. 4).
Temperatures are moderately warm and relatively
stable during the cropping season at 20-25°C But
once the rains end and the northeast wind prevails,
the temperatures fluctuate widely on a diurnal basis.
Dur ing the dry season and especially in the months
of December to February, min imum temperatures
often fal l below 10°C. In general, the diurnal
temperature variations are larger as the latitude
increases,
A major characteristic of the northeast wind in the
West Afr ican region generally is that of erosion and
transportation of fine powdery dust dur ing the
Harmattan (dry) season. The amount of dust depos-
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ited in the area that produces the bulk of the
groundnuts is estimated at a cumulative 50-230 kg
ha-1 a-1, adding as much as 0.1-0.37 kg ha-1 of sul-
phur to the soil (Bromfield 1974). The dust varies in
concentration depending on location and t ime, and
causes significant variat ion in daily sunlight during
the dry season as demonstrated in Figure 5. There-
fore, the beneficial effect of the dust deposition in
terms of providing a fract ion of the sulphur required
by groundnut must be weighed against the disadvan-
tages of sunlight and temperature depression if pro-
duct ion during the dry season (under irrigation) is
contemplated.
South of the tradit ional groundnut-producing
area and especially in the southern one-third of the
Northern Guinea and the whole of the Southern
Guinea savanna, rainfall is higher, the rainy season
is longer, temperatures are moderate, and the soil is
deep and well-drained. This area holds much p rom-
ise as an alternative major product ion zone in l ight
of the progressively worsening rainfal l situation,
particularly in the Sahel and Sudan ecological
zones. The relative disadvantages in this southward
extension of the groundnut belt are largely in rela-
t ion to:
• the poorer handling properties of the soil which
are relatively heavier to work;
• the need to balance the growth cycle of the crop in
relation to occurrences of dry spells;
• the higher potential for insect pest and disease
infestation under the wetter and more humid
atmosphere; and
• the problem of drying and contamination of the
Figure 2. M a j o r vegetation zones of Nigeria.
216
4 ° 6° 8 ° 10° 12° 14°
4°
6°
8 °
10°
12°
4 ° 6° 8 ° 10° 12° 14°
12°
10°
8 °
6°
4 °
C o a s t a l
Swamps
F o r e s t
F o r e s t
S o u t h e r n
g u i n e a
N o r t h e r n g u i n e a
Sudan
Sahel
A v e r a g e d a i l y m a x - m i n r a n g e
( 1 9 3 8 - 8 4 )
40
20
0
A v e r a g e d a i l y a m - p m r a n g e
( 1 9 3 8 - 8 4 )100
50
0
E v a p o r a t i o n ( 1 9 5 4 - 8 4 )
R a i n f a l l ( 1 9 2 8 - 8 4 )
300
200
100
0
J F M A M J J A S 0 N 0
M o n t h s
Figure 3 . Ra in fa l l , evaporat ion, temperature, and humidi ty characteristics of Samara ( 1 1 °1 1 ' N , 7 °38 'E )
located within the main groundnut-producing zone of Nigeria.
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Figure 4. Frequency of dry spells during the rainy season at selected locations in Nigeria.
produce if the crop is l ifted before cessation of
rains.
Weather -Sens i t ive E lements o f
P r o d u c t i o n
Effective husbandry operations are generally derived
f rom an integration of the opt imal crop require-
ments in the context of the environment of a particu-
lar site. Groundnut management practices condi-
tioned by weather factors are briefly discussed
below.
Choice of Variety
The choice of a groundnut variety for any particular
area depends pr imar i ly on matching the variety w i th
the length of the growing season. The beginning and
end of the rains and, therefore, the length of the
growing season, are a funct ion of latitude (Fig. 6).
Ordinar i ly , the estimated season length and the pos-
sibi l i ty of rainfal l to meet the consumptive water
requirements of a particular variety identify an
appropriate zone in which it could be grown (Fig. 7).
However, because of the progressive decline in the
amount (Fig. 8) and spread (Fig. 9) of rainfall in the
last three decades, a continuous review of this desir-
able match becomes necessary.
Groundnut varieties whose growth cycle is longer
than the durat ion of the growing season at a part icu-
lar location either fa i l to mature or do so at a time
when the soil is too hard for easy and efficient l i f t ing.
Premature harvesting of groundnut invariably leads
to substantial yield losses as demonstrated in Figure
10.
Land Preparation
Because conditions in the Nigerian savanna readily
support the format ion of soil-surface crusts (Kowal
1972), it is essential to t i l l the soil to enhance
groundnut pod format ion and to ease harvesting.
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Whether or not to ridge largely depends on the soil
conditions, the need for water conservation, as well
as possible dangers posed by erosion at the part icu-
lar site.
The atmospheric water demand, especially in the
main groundnut-producing areas, is less than the
amount of rainfal l measured in the middle of the
growing season (Fig. 3). The distr ibut ion of rains is
such that precipitation significantly exceeds poten-
t ia l evapotranspiration for at least 2 months dur ing
the growing season. Therefore, to avoid possible
waterlogging and at the same time conserve soil
moisture, groundnuts are invariably grown on ridges.
Whether the ridges are open or tied depends upon
moisture-conservation needs.
Time of Sowing
Because groundnut is essentially a cash crop in a 
predominantly subsistence setting, the sowing time
has tradit ionally been late, and occurs only after
food crops such as cereal grains have been sown. The
crop has an opt imum temperature range of between
25 and 30°C while min imum air temperature during
the growing season often falls below 17°C. Studies
at Samaru indicate that a mean night temperature of
15°C, especially if it persists for as long as 10 days
dur ing early flowering, markedly decreases the rate
of dry-matter accumulation, flower production, as
well as the number of pegs formed (Owonubi unpub-
lished data). Such effects are probably responsible
for the low productivi ty of groundnuts observed in
this zone in 1978 (Yayock 1978).
When sown wi th early rains, the crop invariably
takes advantage of the higher insolation and warmer
temperatures to become well established, such that
the period of flower and pod format ion coincides
wi th the cooler midrainy season. According to
Kowal and Knabe (1972), the opt imum time to begin
cropping wi th l i tt le or no drought risk may be
defined in terms of latitude (X) and expressed by the
equation:
Y = 1.43 X - 1 . 3 1 ,
where Y represents days in decades.
The relative advantage of matching cropping to
both water availability and seasonal temperature
patterns is demonstrated in Figure 11, The relatively
cool temperatures between December and February
result f rom the position of the earth in relation to the
sun, as well as the prevalent high concentration of
Harmattan dust in the atmosphere at this time. If
cult ivation of irrigated groundnut in this area is to be
successful, sowing must be completed between Sep-
tember and November (Kumar et al. In press). In
practice, the period mid-October to mid-November
is ideal to allow time for the preparation of the land
fol lowing the wet-season cropping.
Timely groundnut sowing is especially crucial,
since dry spells soon after sowing may often seriously
enhance the incidence and spread of insect pests and
diseases. For example, the aphid Aphis craccivora, 
which spreads rosette disease virus, normally requires
high humidity for survival and is, as a result, mainly
confined to the Southern Guinea zone. In years wi th
prolonged dry spells after groundnut emergence, the
winged adult aphids migrate wi th the southwest
winds to the Northern Guinea and Sudan savannas,
spread the virus (rosette) disease and cause serious
damage to the crop. The unprecedented disease
which caused devastating damage to groundnuts in
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Figure 6. Relat ionship of t ime of onset and retreat of rainfal l and the length of the growing season to latitude in
Nigeria.
1975 is believed to have originated in this way
(Yayock et al. 1976).
Plant Density
Current recommendations for the cult ivat ion of sole
groundnut in Nigeria call for sowing 23 cm apart on
91-cm ridges, thus giving populations of 47000
plants ha - 1 . Grown in mixtures w i th other crops, the
populat ion of groundnut is invariably much lower,
at 28 000 plants ha -1. At such relatively low popula-
t ions, the plants do not provide a dense canopy, and
the crop thus fails to fu l ly uti l ize available soil mois-
ture and/or solar radiat ion, even at peak leaf area
index ( L A I ) . In investigations on the effect of plant
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density on vegetative growth, development, and dry-
matter product ion in f ive cultivars of groundnut,
Yayock (1979a) found that even though growth and
branching of individual plants were reduced at high
populations (Fig. 12), more dry matter was pro-
duced per uni t of land area. At high populations,
individual plants tend to be faster in developing a 
larger leaf area earlier in the season and, as the
canopy closes, there is an increased opportuni ty to
make better use of sunlight.
An analysis of data f rom across the main groundnut-
producing area of Nigeria indicates that the cur-
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Figure 7. Relative evapotranspiration ( E T / E T 0 ) in a groundnut canopy at Samaru , Niger ia , 1973.
rently advised cropping density of 47 000 plants ha-1
can be increased substantially w i th benefits (Yayock
1979b, Yayock and Owonubi 1983). Generally, pod
yield and haulm product ion as well as shelling per-
centage are enhanced as population is increased up
to 172 000 plants ha -1. However when restricted to
cropping on 91-cm ridges, the economically opt imal
populat ion density is estimated at 86000 plants ha -1.
Crop Nutrition
The nutrient requirements of groundnut are primar-
i ly a funct ion of the variety, soil-nutrient content,
available soil moisture, as well as the level of crop
husbandry. In general, groundnut product ion in
Nigeria is relatively less sensitive to fertilizer applica-
t ion than most other field crops. Because groundnut
is quite efficient in obtaining nutrients f r om the soil,
it is able to exploit residual fertilizers f rom previous
applications.
Currently, only phosphorus and, at specific loca-
tions, potassium fertilizers are recommended for
groundnut. Specifically, 54 kg of P 2 0 5 and 25 of K 2 0
are recommended per hectare for all soils in the
Sudan, Northern, and Southern Guinea savanna
zones. Phosphorus, which is the main nutrient
required by groundnut, is relatively immobile so that
no benefit is generally derived f rom split-applying
this nutrient in any one year.
Recent observations show that low soil nitrogen
produces l ight green plants wi th reduced yields.
However, it has been demonstrated that while under
savanna conditions a "starter" dose of nitrogen fer-
til izer increases haulm yield, its routine application
is uneconomical for pod product ion (Balasubra-
manian et al. 1979, Lombin et al. In press). However,
as the cropping intensity increases, nitrogen nutr i -
t ion to groundnuts, either through fertilizer use or
by inoculat ion, may need to be reevaluated, more so
if product ion is extended into the wetter Guinea
savanna.
Ment ion has been made earlier of the contr ibution
of sulphur to the soil f rom Harmattan dust depos-
ited dur ing the dry season. Whi le the level of sulphur
f r om the dust contributes to the total amount avail-
able in the soil, mineral fertilizers are necessary for
successful product ion, particularly where cultiva-
t ion is intensive. Presently, single superphosphate is
the major source of sulphur for groundnut, in addi-
t ion to the phosphorus. This implies that any change
f rom single superphosphate as a source of phospho-
rus must also provide sulphur.
In certain isolated areas, particularly in the Sudan
zone, bl indnut problems have been observed. The
data currently available suggest that the problem of
bl indnut is caused by low moisture, which is a con-
straint to the mineralization of applied nutrients, as
wel l as the availabil i ty of calcium and, to a lesser
degree, magnesium (Balasubramanian and Yayock
1981). In other words, the application of calcium-
supplying fertilizers alone wi thout first correcting a 
moisture deficit is unlikely to alleviate problems of
groundnut pod development and pod fil l.
Insect Pest and Disease Control
Wet and humid conditions generally encourage the
development of such sporulating diseases as leaf
spots and rust on groundnuts. The spread of aphids
and, hence, the incidence of rosette disease tends to
be suppressed wi th frequent rains. To benefit f rom
high plant populations, it is advised that the crop be
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sprayed wi th a fungicide (e.g., Dithane M-45) to
protect it f rom leaf spot disease. Groundnut cult i -
vated dur ing the dry season under fu l l i rr igat ion is
relatively free f rom leaf spots and rust disease. How-
ever, product ion in the dry season is generally dis-
couraged because of the risk that such irrigated
crops may serve as reservoirs for aphids and sources
of rosette virus which would infect the main crop in
the fo l lowing (rainy) season. The use of cultivars
that are resistant to rosette and/or enforcement of a 
closed season between the irrigated crop and the
start of the rainy season would pave the way for the
cult ivat ion of groundnut both under fu l l i r r igat ion
in the dry season and as a rainfed crop.
Harvesting
The earlier mention of the length of the rainy season
relative to the choice of groundnut varieties has
highlighted the need to l i f t the crop when the soil is
moist and workable. Equally important to ensure
high quality, especially in terms of af latoxin contam-
ination (by the fungus Aspergillus flaws), is the
relative humidity at harvest. The fungus reportedly
thrives best under humid conditions when the crop
dries slowly.
In the major product ion areas of the Sudan and
Northern Guinea zones, the crop is invariably left in
the field after l i f t ing, roots up, for as long as the pods
require to dry. In normal years when there is no rain
after l i f t ing, this air-drying ensures good seed qual-
ity. But where it becomes necessary to l i f t and pick
the crop before the rains stop, the use of alternative
methods of drying is imperative. Thus, any shift of
the groundnut zone toward the southern th i rd of the
Northern Guinea and into the Southern Guinea
must deal wi th dry ing, since groundnuts would inva-
riably need to be l i f ted before the end of the rains.
L i f t ing well after the rains might be a gigantic task
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resulting in large pod losses, especially since the
heavier soils of the Guinea zone easily harden and
become diff icult to work.
I n t e r c r o p p i n g
As in most other developing countries, agricultural
product ion in Nigeria remains pr imari ly at the sub-
sistence level The issue of food security in the face of
heightened agricultural risks means that intercrop-
ping wi l l continue to be practiced for quite some
time. This contention is further supported by the
relative economic advantage of intercropping over
monoculture on a unit land basis (Andrews and
Kassam 1976). The impl icat ion is that while most
research into the agronomy of groundnuts has con-
centrated on monoculture, the search for the scien-
tif ic basis for the age-old practice of intercropping
remains relatively new and only sparingly tackled.
The fact that most groundnuts are cultivated wi th
other crops implies a mutual sharing of growth
resources, including l ight, moisture, and nutrients.
Relative to other crops, research into the intercrop-
ping aspects of groundnut is not common, probably
because of its complexities as well as the generally
held view that major improvements in its cult ivat ion
are possible only under a system of monoculture.
The only investigation so far undertaken in Nige-
ria on the environmental relationship of intercropped
groundnuts was designed to evaluate the response of
the crop to an art i f icial reduction of sunlight (Owo-
nubi and Yusuf. In press). According to these
workers, as much as 30% shading dur ing the main
vegetative phase did not affect pod yield, even
though flower production was significantly reduced.
Appl icat ion of the shade after the vegetative phase
had been completed caused a reduction in pod
development, but w i th no detectable effect on f low-
ering. Val id as these and similar observations may
be, their usefulness towards improving groundnut
product ion in the context of crop mixtures can be
realized only when research is deliberately focused
on understanding this subsistence system of farming.
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Abstract
Operational Agrometeorological Monitoring of Crops for Harvest Prospects: The Food and 
Agriculture Organization (FAO) has designed an agrometeorological model for crop monitoring 
and forecasting based on a cumulative 7-day or 10-day crop water balance, which shows at a given 
stage of the growing cycle of the crop an index (%) expressing the degree of satisfaction of the crop 
water requirements. This index is strongly correlated with the yield and gives a very good idea, at 
least qualitatively, of the yield to be expected. If the area has a long record of statistical yield 
information, the index obtained over a number of years has also a quantitative value. The method 
has been successfully utilized in the semi-arid countries of tropical Africa. 
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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Disease-Forecasting M e t h o d
for Groundnut Lea f Spot Diseases
D . H . S m i t h 1
Abstract
A disease-forecasting method for groundnut leaf spot diseases was developed in Georgia in 1966. 
The system is based on the effects of daily minimum air temperature and duration of relative 
humidity equal to or greater than 95% on development of leaf spot epidemics. The system was 
computerized and daily spray advisories were issued to groundnut growers in the southeastern 
United States beginning in 1971. However, because of the availability of inexpensive fungicides 
that provided satisfactory control of leaf spots when applied at intervals of 14 days, the system 
was not widely accepted by growers in the United States. Currently there is a renewed interest in 
the system because of increased costs of fungicides, application costs, and the deleterious 
nontarget effects of some fungicides. In Virginia field trials from 1979 to 1982, the total number of 
fungicide applications based on the leaf spot advisory program averaged 4.25 fewer applications 
per season than did the number of applications on a 14-day schedule. 
I n t r o d u c t i o n
Early and late leaf spot, caused by Cercospora ara-
chidicola Hori and Cercosporidium personatum 
(Berk and Curt.) Deighton commonly contribute to
decreased productivi ty of groundnuts (Porter et al .
1982.) In addit ion to pod yield losses, reduced yield
and quali ty of haulms is also attr ibutable to epidem-
ics of early and late leaf spot (Cummins and Smi th
1973). Early and late leaf spot occur either alone or
1. Professor of Plant Pathology, Texas A&M University, Texas Agricultural Experiment Station, Plant Disease Research Station, Yoakum,
Texas 77995, USA.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut. Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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together in the same f ield. In some areas early leaf
spot, late leaf spot, rust, and web blotch occur in the
same field.
Currently groundnut fol iar diseases can be man-
aged wi th mult iple applications of fungicides. The
ini t ia l fungicide application is usually made at 30-40
days after sowing (DAS) . Subsequent application is
usually made at intervals of 10-14 d unt i l 2 or 3 weeks
pr ior to the anticipated harvest time. In the United
States, fungicides are applied wi th tractor-propelled
sprayers, fixed-wing aircraft, controlled-droplet appli-
cat ion equipment, sprinkler-irrigation systems, and
helicopters. A part ia l list of fungicides that have
been or are currently used for management of
groundnut fol iar diseases in the United States is
included in Table 1. The fungicides approved for
management of groundnut fol iar diseases in the
USA have been available to growers for 15 years or
longer. Several experimental compounds have been
extensively evaluated in the USA. Therefore, it is
probable that new fungicides wi l l soon be approved
for use in the USA.
Forecast ing M e t h o d
Jensen and Boyle (1965) studied the influence of
temperature, relative humidi ty, and precipitation on
progress of leaf spot epidemics. Al though it was not
stated in their paper, early leaf spot was the predom-
inant disease at that t ime. Since their investigations
in the 1960s, late leaf spot has become the predomi-
nant fol iar disease in Georgia, Flor ida, and A la -
bama (Smith and Li t t re l 1980). The disease-forecast-
ing system described by Jensen and Boyle (1966) was
based on the durat ion of relative humidi ty at 95% or
greater and the min imum air temperature during the
high-humidity periods.
The graph developed by Jensen and Boyle is pre-
sented in Figure 1. Spray or no-spray advisories are
made on the basis of these temperature and relative
humidi ty conditions. For example, when the relative
humidi ty is equal to or greater than 95% for 10 h,
and the min imum temperature is 21°C or higher for
48 h, growers are advised to apply a fungicide if a 
period of at least 7 d elapsed since the application of
a fungicide to the groundnut foliage. The existing
system is actually based on application of a fungicide
after a period of time when weather conditions are
favorable for disease development. W i t h improved
weather-forecasting technology, it may be possible
to apply a fungicide to the foliage pr ior to the occur-
rence of weather conditions that are favorable for
disease development.
The influence of temperature and leaf wetness on
spore germination, penetration, colonization, lesion
development, sporulation, spore release, and disper-
sal of C. arachidicola and C. personatum conidia has
not been fu l ly explained. In spite of these gaps in the
knowledge about the epidemiology of early and late
leaf spots, the Jensen and Boyle forecasting method
has been successfully tested in Georgia, Virginia,
Nor th Carol ina, and Texas. Home et al. (1976) pre-
pared a good extension publication describing the
use of the Jensen and Boyle disease-forecasting sys-
tem in Texas.
Table 1. Part ial list of fungicides that have been or are being used for management of fol iar diseases of groundnut in the
United States.
Common name
Benomyl
Captafol
Chlorothaloni l
Copper ammonium carbonate
Copper hydroxide
Fentin hydroxide
Mancozeb
Maneb
Sulfur
Chemical name
methyl 1-(butylcarbamoyl)-2-benzimidazolecarmate
cis-N [ ( 1 , 1, 2, 2,-tetrachloroethyl)thio] -4- cyclohexene-l,2-discarboximide
tetrachloroisophthalonitrite
copper ammonium carbonate
copper hydroxide
tr iphenylt in hydroxide
zinc ion and manganese cthylenebisdithiocarbamate 80%, a coordination product of
manganese 16%, zinc 2%, and ethylenebisdithiocarbamate 62%
manganese ethylenebisdithiocarbamate
elemental sulfur
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In 1966 the forecasting system was first used to
develop daily advisories for growers in the sou-
theastern United States. Dur ing the growing season,
daily advisories were issued on a teletype network
and transmitted to growers by radio and television.
The Jensen and Boyle method was evaluated in
replicated field plot tests at Plains, Georgia, during
1969, 1970, and 1971 (Smith et al. 1974). Dur ing
these three growing seasons, the interval between
applications ranged f rom 7-19 d, depending on
temperature and relative humidity conditions at the
test site. The number of applications per season
ranged f rom seven to eight over three growing sea-
sons. A min imum fungicide-application interval of 7 
d was used because of assumed adequate crop pro-
tection for a period of at least 7 d.
Parvin et al. (1974) developed a computer pro-
gram for producing a worded daily groundnut leaf
spot spray advisory in 1971. The computerized advi-
sory was compared wi th advisories issued by a 
National Weather Service agricultural meteorolo-
gist over three growing seasons. W i th the exception
of a few marginal situations, the computer-produced
advisories were identical to those prepared by an
agricultural meteorologist.
In 1976 an agroenvironmental monitor ing system
(AEMS) was established in Virginia (Phipps and
Powell 1984). This computerized system consisted of
electronic sensors and microprocessors fo r data
acquisition. This approach for preparation of leaf
spot advisories eliminated the problems associated
wi th the use of hygrothermographs and the t ime-
consuming clerical work required for processing
data obtained f rom a hygrothermograph. Bailey and
Matyac ( In Press) recently developed a portable
electronic weather station for deployment of a 
groundnut leaf spot spray advisory in Nor th Carolina.
In Virginia the value of groundnut leaf spot advi-
sories generated by a computerized agroenviron-
mental moni tor ing system was determined in f ield
tests conducted in 1979, 1980, and 1982. In this t ime
period 4.2S fewer fungicide applications per season
were made on the basis of the advisory schedule as
compared wi th the usual schedule, i.e., fungicide
applications at 14-day intervals. A l though leaf spot
incidence was greater in plots sprayed in accordance
wi th the advisory method than in plots sprayed on a 
14-day schedule, pod yields were not significantly
different (Phipps and Powell 1984). As a result of
these tests, Virginia growers are now using the advi-
sories as a basis for scheduling fungicide applications.
In some areas where groundnuts fo l low ground-
nuts in the crop-production system, onset of disease
occurs earlier and the probabil i ty of substantial crop
loss is higher because crop rotat ion is not part of the
crop-management system. When cultivars w i th resis-
tance to early and/or late leaf spot become available
to growers, it may be necessary to modi fy the exist-
ing advisory program. As new fungicides become
available to growers, it w i l l also be important to
monitor the development of fungicide-tolerant strains
so that appropriate crop-management decisions can
be made to prevent crop losses attributable to these
strains. In areas where both irrigated and rainfed
crops are produced, it w i l l be necessary to moni tor
environmental conditions within fields.
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M o d e l i n g G r o w t h and Yie ld o f Groundnut
K . J . B o o t e , J . W . Jones, J . W . M i s h o e , a n d G . G . W i l k e r s o n 1
Abstract
Modeling growth and development of groundnut (Arach is hypogaea L.) offers considerable 
potential to assist with agrotechnology transfer, crop management decision-making, research 
guidance, and understanding and synthesizing results of past and present research projects. For 
these reasons, we have developed a groundnut crop-growth simulation model, (PNUTGRO), 
patterned after our soyabean crop-growth simulation model, (SOYGRO). 
Our approach was to develop a physiologically-based model which dynamically responds to 
daily weather inputs (temperature, rainfall, and radiation) and to pest and soil-water deficit 
stresses. PNUTGRO is a physiologically-based crop model which considers crop-carbon balance, 
nitrogen balance, and water balance at the process level. For example, crop-carbon balance 
includes daily inputs from photosynthesis, conversion, and condensation to crop tissue, carbon 
losses due to abscised parts, and carbon loss due to respiration associated with growth and 
maintenance. Crop-nitrogen balance considers daily input from N assimilation, internal remobi-
lization to seeds, and N loss in abscised parts. Crop-water balance includes infiltration of rainfall 
and irrigation, root uptake of water, and crop transpiration. 
1, Agronomist, Agricultural Engineer, Agricultural Engineer, and Systems Analyst, Department of Agronomy, University of Florida, 304
Newell Hall, Gainesville, Florida 32611, USA.
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I n t r o d u c t i o n
There are several existing models that simulate
groundnut growth and yield. W.G. Duncan has an
unpublished model (PENUTZ) cited in Duncan et
al. (1978). A strong point of his model is that it
considers individual f rui t -growth rate and durat ion
(to l imits of shell size), and adds cohorts of new fruits
each day. A l imi ta t ion is that his model usually
considers no pest or soil-water l imitations (although
it has a simple soil-water balance). Young et al.
(1979) published a groundnut growth and develop-
ment model based on photosynthesis, growth, and
respiration in response to daily environment. Their
model was developed f rom single-plant phytotron
data, and certain factors were later calibrated to field
data. Their model does not consider pests nor does it
have a soil-water balance (it requires soil-moisture
tension as input).
Our reasons for starting wi th the SOYGRO model
and converting i t for groundnut are that SOYGRO
has user-friendly interfaces, user-friendly graphics
output, i t is in F O R T R A N on the I B M - P C , its struc-
ture considers pest stresses, and it has a transporta-
ble, generic soil-water balance subroutine. The other
two groundnut simulators lack these features. Another
personal reason was simply our famil iar i ty w i th
SOYGRO and because we had previously adapted
SOYGRO Version 4.2 to simulate groundnut (Boote
et al . 1983). SOYGRO has a modular structure
which makes it easy to change one module at a t ime.
It also has two input files of crop-specific and
cultivar-specific traits which are easily changed. The
conversion was also facilitated by crop similarities.
Groundnut and soybean are both legumes, and have
similar vegetative-N concentrations, similar crop-
growth stages, similar plant parts (we used leaf,
stem, root, shell, and seed), and their part i t ioning
can be simulated as a funct ion of the crop-growth
stage.
M e t h o d s a n d M a t e r i a l s
Our approach was to use as much of the SOYGRO
Version 5.0 code as possible, and to change only
those parameters that are species or variety specific.
The majori ty of our changes were made to two input
files which pertain to species and variety characteris-
tics. Few code changes were made; where made,
these are explained in the text.
P N U T G R O uses the same differential equations
as SOYGRO to describe crop growth. (See Wi lker-
son et al. 1983 for SOYGRO Version 4.2, and W i l -
kerson et al. 1985 for SOYGRO Version 5.0). Pro-
cesses considered to be important included photosyn-
thesis, synthesis and maintenance respiration, part i -
t ioning, N remobil ization, pod addit ion, and sene-
scence.
Data collected at Gainesville, Flor ida, in 1981
(Boote, unpublished) were used to calibrate P N U T -
GRO and estimate parameters not available f rom
the literature. This data set consisted of periodic
dry-matter samples f rom an irrigated crop of cul-
t ivar Florunner sown 1 Ap r 1981. Row spacing was
0.762 m and plant spacing in the row 0.102 m.
Dai ly weather information (daily photosyntheti-
cally-active radiat ion, max imum temperature, min-
imum temperature, and rainfall) were available f rom
the agronomy farm weather station. The actual i r r i -
gation record was also used, because we subse-
quently discovered that our i rr igat ion frequency had
caused low-level unintentional drought stress during
early growth and a short interval of stress during pod
f i l l .
M o d e l D e s c r i p t i o n
Photosynthesis
Dai ly canopy photosynthesis rate is represented as a 
multiplicative function similar to SOYGRO.
PG = P G M U L T * P T S M A X * fL * fO * fN * f T
P T S M A X is a funct ion of daily radiation inf lux at
opt imal values of L (leaf area index), T (tempera-
ture), N (nitrogen concentration of leaves), and frac-
t ion available-soil water. The f-terms represent func-
tions that vary f rom 0.0 to 1.0 to reduce P T S M A X
when L, T, N, and soil water are not opt imal as
il lustrated in Figure 1. Due to lack of data on
groundnut canopy photosynthesis response to these
factors, we assumed that the equations for soybean
applied to groundnut. SOYGRO's crop-photosyn-
thesis response to photosynthetically active radia-
t ion came f r om data of Ingram et al. (1981). It is
interesting to note that to simulate the 1981 Gaines-
ville groundnut dry-matter accumulation rate, the
P T S M A X term was increased 24% above the values
computed f rom the data of Ingram et al. (i.e.,
PGMULT=1.24) . This is consistent w i th ground-
nut's greater crop-growth rate (Duncan et al. 1978)
and greater single-leaf photosynthesis rate (Pallas
and Samish 1974).
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In this version, canopy light interception was
assumed to vary wi th leaf area index ( L A I ) , row
spacing, and plant spacing in the row. The more
evenly spaced the plants, the more light w i l l be inter-
cepted by a given L A I due to less interplant competi-
t ion for l ight. For evenly-spaced plants, a table of
normalized-fraction l ight capture versus normalized
L A I was developed f r om data of Shibles and Weber
(1965). For evenly-spaced plants, an L A I of 1.5 is
needed to intercept 63% of the daily l ight. Wilkerson
et al . (1985) developed a funct ion f rom the rat io of
plant spacing to row spacing to compute the L A I
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Figure 1 . Funct ional relationships of crop photosynthesis ( P G ) to (a ) solar radiat ion, (b ) leaf area index,
(c) temperature, (d ) leaf ni t rogen, and (e) rat io of soil-root water supply to climatic potential plant
transpirat ion.
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needed to capture 63% of the l ight for nonequidis-
tant spacings. Fract ion l ight capture was computed
wi th this normalization.
The equation for photosynthetic reduction due to
N remobil ization f rom leaves was derived f rom an
equation developed by Boote et al . (1978) for single
leaves of soybean during seedfill. We assumed that
the effect of N loss on whole-canopy photosynthesis
is the same as the effect on single leaves.
The temperature effect on canopy photosynthesis
is a relative value of 1.0 between 24-34° C daytime
mean temperature wi th linear reductions below
24°C down to 5°C and wi th linear reductions above
34°C up to 45°C. This agrees w i th data of Cox
(1979) showing that dry weight accumulation of F lo-
rigiant dur ing the middle of its growth cycle was not
different for day temperatures of 26, 30, and 34°C,
but was slightly reduced (10%) by a day/n ight
temperature of 22/18°C. Young et al (1979), based
on calibrations of f ield data to their groundnut
model, reported calibrated opt imum temperatures
for tota l growth ranging f rom 25.5 to 31.3°C wi th a 
mean of 28.2°C.
Respiration and Cost of Tissue Synthesis
Maintenance respiration depends on temperature,
crop photosynthesis rate, and on current crop bio-
mass (less oi l and protein stored in the seed). We
assume that seed storage components do not require
energy for maintenance (protein turnover, ion con-
centration gradients, and D N A - R N A turnover).
Maintenance respiration is represented as:
Rm = Ro x Rm + Ra x Rp
The exact coefficients Ro and Ra were derived for
soybean by cal ibrat ion of SOYGRO. The shape of
temperature sensitivity for these coefficients was
derived f r om the quadratic temperature funct ion of
McCree(1974).
Growth respiration and the efficiency of conver-
sion of glucose to plant tissue, was computed using
the approach of Penning de Vries and van Laar
(1982, pp. 123-125), assuming that approximate
tissue composit ion is known. Their approach con-
siders the glucose loss due to growth respiration for
various synthetic pathways, and considers the glucose-
energy equivalent stored in the compounds due to
changes in molecular structures of each tissue.
Groundnut and soybean tissue were assumed to
have similar proportions of protein, l ip id , l ignin,
carbohydrate, organic acids, and minerals, except as
noted in Table 1. Protein concentrations of vegeta-
tive tissues were values measured pr ior to active pod
fill when most of the vegetative tissue had been
produced, but before protein mobilization had started.
Protein concentrations (g g -1 tissue dry weight) in
leaf (0.281), stem (0.115), shell (0.188), and root
(0.137) are f rom unpublished data (Boote) on F lo-
runner, and agree wi th leaf, stem, and shell values on
cult ivar Egret (Wil l iams 1979), and wi th leaf values
on Virginia bunch (Shiffmann and Lobel 1973).
Groundnut stems were assumed lower in l ignin than
soybean (0.07 versus 0.18). Cobb and Johnson
Table 1. Approximate composit ion and resulting glucose cost to synthesize various groundnut plant tissue.
Approximate composit ion
Organic Cellulose
Synthesis
cost2
(g glucose
p e r g
Tissue Protein L ip id L ignin acid Mineral carbohydrate tissue)
(g component/g tissue dry weight)
Leaf .2811
Stem .1151
Root .1371
Shell .1881
Seed .2801
Seed (using mobil ized amide)
.025 .07 .05 .094
.020 .07 .05 .046
.020 .07 .05 .057
.020 .281 .04 .030'
.5101 .02 .04 .025'
.48033
.6993
.6663
.4423
.1253
1.60
1.42
1.44
1.74
2.54
2.09
1. Values estimated from the literature cited in the text; values without superscript 1 are best guesses.
2. Cost of synthesis computed according to Penning de Vries and van Laar (1982, pp. 123-125). Glucose Cost = Protein * 1.704 + Lipid * 
3.106 + Lignin * 2.174 + Organic acid * 0.929 + Mineral * 0.05 + Cellulose-Carbohydrate * 1.242.
3. The amount of cellulose-carbohydrate is the difference between 1.0 and the sum of the other components.
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(1973) cited a value of 0.28 for fract ion l ignin in
groundnut shells which is greater than the value
(0.07) used for soybean shells. Values for Florunner
seed- l ip id f r a c t i o n (0.51) are f r o m N o r d e n
et al. (1983) and those for seed protein (0.28), car-
bohydrate (0.13), and ash (0.025) come f rom Cobb
and Johnson (1973). Organic acid in seed was
assumed to be 0.04 and l ignin 0.02.
The estimated cost to synthesize groundnut seed is
2.54 g glucose g-1 of seed including N assimilation,
and 2.09 g glucose g-1 of seed where amides are
available f rom protein mobilization (Table 1). Respec-
tive costs for soybean were 2.08 and 1.45 g glucose
g-1 of seed. Groundnut seed is more costly to make
than soybean because it is higher in l ipid (0.51 versus
0.197) and because 3.11 g glucose are required per g 
of l ip id produced.
Phenology
Vegetative and reproductive crop-growth stages
were defined for groundnut by Boote (1982a) to have
a similar meaning to those for soybean. This facil i-
tated the adaptation of SOYGRO to groundnut
because changes in part i t ioning and the start, end,
and rate of pod addit ion are keyed in the model to
crop-growth stage progression. Groundnut pheno-
logical development responds primari ly to heat unit
accumulation. The relative rate of node progression
and rate of progression toward reproductive stages
are assumed to have a linear response to tempera-
ture, beginning at zero at 13.5°C and increasing to
1.0 at 30° C average temperature and, declining l in-
early f r om 1.0 to 0.0 between 30 and 45°C. Two
papers reporting on heat units to flowering for
groundnut have suggested a base temperature of
13-14°C, below which reproductive development
stops (Emery et al. 1969, Mi l ls 1964).
Bolhuis and de Groot (1959) studied the t ime to
f lowering of three cultivars under constant-tempera-
ture conditions. F rom their data, the rate of progres-
sion to f lowering was most rapid at temperatures
between 29.4 and 33.3°C. Cox and Mar t i n (1974)
reported opt imum maximum daily temperatures
between 30-31.5°C, Based on these papers, we used
30°C as the opt imum temperature.
Rate of early leaf-area development in groundnut
was assumed to be l imited by temperature and by
number and size of early leaves up to stage V7.5. We
assumed a temperature-limited rate of leaf appear-
ance and that possible feedback inhib i t ion of photo-
synthesis can occur in groundnut up to V7.5 stage.
This can occur especially if node (V stage) progres-
sion is slow because of low temperature. Af ter stage
V7.5 and the start of branching, vegetative growth
rate is assumed unl imit ing and thus uses all assimi-
lates produced by photosynthesis. (A t this point the
model becomes completely photosynthetically driven
unt i l after pods are set.)
Vegetative Growth and Partitioning
Vegetative growth consists of leaf, stem plus petiole,
and root growth f rom emergence through to matu-
rity. Partitioning of assimilate to these tissues depends
on the stage growth but also varies w i th drought
stress. New growth of leaves, stem, and roots are
calculated by the equation
where X i represents part i t ioning factors for leaves,
stems, and roots, E is the conversion efficiency fo r
photosynthate (g dry matter g-1 glucose), P is gross
photosynthesis rate (g CH2O d a y - 1 m - 2), and Rm is
the maintenance respiration rate. The X i values for
part i t ioning to vegetative tissues are computed f r o m
the proport ion of growth that goes to vegetative
tissue (1-XPOD) mult ipl ied by the propor t ion of
vegetative tissue which is to go to leaves ( F R L F ) ,
stems ( F R S T M ) , and roots (FRRT) . For early
growth through stage V7.5, values for F R L F , F R S T M ,
and F R R T are input as a function of stage V. Values
used here came f rom a 1984 potted-plant study (C.
E. Mal i ro , University of Florida, unpublished).
After stage V7.5, part i t ioning among vegetative
tissue changes linearly unti l reaching the end of the
pod addit ion (NDSET). Thereafter, the relative par-
t i t ioning among vegetative tissue is constant to
maturity.
Unt i l podset, al l assimilate goes to vegetation. As
pods (and seeds) add, they have first pr ior i ty fo r
assimilate and progressively reduce the fract ion of
growth going to vegetative components. Unl ike the
determinate soybean, groundnut continues some
vegetative growth even after a fu l l pod load is added.
To mimic Florunner growth, i t was necessary to
l imi t assimilate part i t ioning to seed plus shell to a 
max imum of 0.83 at which point no further pods
were added. From prior experience (Duncan et al .
1978), we know that this max imum value of par t i -
t ioning to fruits ( X F R U I T ) varies considerably
among groundnut cultivars. Code changes were
necessary to implement the concept of max imum
part i t ioning to fruits ( X F R U I T ) and to al low leaf-
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area growth dur ing seedfill. P N U T G R O allows
addit ion of new leaf area after podset is complete,
whereas SOYGRO only allows thickening of exist-
ing leaves after a stage called N D L E A F .
Effects of Drought Stress on Leaf Expansion
and Partitioning
Part i t ioning between roots and tops (leaves and
stems), and leaf expansion is affected by drought
stress. A turgor factor for leaf expansion ( T U R -
F A C ) is computed f rom the soil-water balance.
T U R F A C changes f rom 1.0 to 0.0 as the ratio of root
water supply to climatic potential transpiration
declines f rom 1.5 to 0.0 (Fig. le). As the T U R F A C
drops below 1.0, a certain fract ion (ATOP) of the
assimilate normally partit ioned to leaves and stems
is diverted to roots. We presently assume that A T O P
can be up to 0.50 of the leaf and stem growth if
T U R F A C drops to zero.
In addit ion to altered part i t ioning to root and
shoot, T U R F A C addit ionally acts to reduce relative
leaf expansion f rom 1.0 to 0.0 as the ratio of root
supply to climatic potential transpiration goes f rom
1.5 to 0. The effect is to al low leaves to grow in dry
weight but not as much in area. Thus the leaves
thicken and specific leaf area decreases.
Changes in Specific Leaf Area during the
Season
Specific leaf area (SLA) is the rat io of leaf area to
leaf mass. S L A of newly-produced leaves is primar-
i ly a funct ion of phenological stage and secondarily
dependent on T U R F A C . Because groundnut leaves
are much thicker (lower SLA) than soybean, new
parameters were needed to define the ini t ia l S L A
after emergence and the change in S L A dur ing the
groundnut life cycle.
Pod Addition, Reproductive Growth, and
Partitioning
Pod (shell) addi t ion is simulated to begin at pheno-
logical stage R4 (first fu l l pod) for groundnut (Boote
1982). Early dry weight accumulation in flowers and
pegs is considered insignificant. The rate of pod
addit ion depends on several factors. P O D M A X is
defined as the maximum rate of pod addit ion for
days when photosynthesis is max imum per unit land
area ( P H T M A X ) and when temperature is opt i -
mum. The actual number of pods added on a given
day depends on P O D M A X times the rat io of actual
PG to P H T M A X and the heat units accrued on that
d a y ( A C C D A Y ) .
P O D M A X x ( P G / P H T M A X ) x A C C D A Y
SH(0,t) = min
P G L E F T / ( G R R A T I x A G R S H )
P G L E F T is the C H 2 0 remaining after existing seeds
and pods grow, after vegetative tissue grows its m in -
imum (1 . -XFRUIT) , and after maintenance respira-
t ion is subtracted. The G R R A T I is the temperature-
l imited max imum growth rate per shell per day and
A G R S H is the glucose required to make a gram of
shell. When part i t ioning to existing seeds and shells
( X P O D ) exceeds X F R U I T (here, 0.83), new shell
addit ion is stopped.
The shells added each day are grown and aged as
separate groups. Shells formed on a given day grow
for L N G S H days (12 d) during which they add
weight as l imited by G R R A T I , temperature, and
available C H 2 0 after supplying seeds and mainte-
nance respiration. After shells have grown L A G S D
days (5 d), a decision is made to start seeds or abort
some or all of the shells in a given age class, depend-
ing on assimilate supply. A running average of the
ratio of shell growth to potential shell growth is
calculated to determine seed set in shells at age
L A G S D . I f the rat io exceeds S E T M A X (presently
0.60), then seeds are set in this group of pods at the
rate of SDPERP (seeds per pod). If the rat io is less
than S E T M A X , only a fract ion of shells set seeds
and the rest are aborted.
Seed Growth
Once seeds are set, they are not aborted unless by
pest damage. Seed growth rate is a funct ion of avail-
able assimilate supply (mult ipl ied by X F R U I T = 
0.83 for cv Florunner), temperature ( T M P F A C ) ,
and cultivar-specific individual seed-growth rates.
Cultivar-specific seed and shell max imum growth
rates ( S D M A X R and S H M A X R ) are inputs to the
model. The S D M A X R and S H M A X R are mul t ip-
lied by a temperature factor ( T M P F A C ) to deter-
mine the potential growth rates for seeds and shells.
The T M P F A C varies f rom 0-1 where the "normal -
ized" shape of the temperature function was derived
f rom seed growth-rate data of Egl i and Wardlaw
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(1980). They reported that soybean opt imum seed-
growth temperature is 23.2°C which is virtually
identical to the opt imum temperature of 23.5°C
reported by Cox (1979) for growth rate per pod (plus
seed) of Florigiant groundnut. The Cox study was a 
phytotron study where a 26/22 day/night treatment
produced 23.5°C.
If sufficient assimilate is available, seeds wi l l grow
at their potential rate per seed as set by T M P F A C .
In computing assimilate requirement, we need to
consider whether seeds use new or remobilized N 
because the CH2O cost for seed synthesis is less if
amides are available f rom mobilized protein. Seed
growth can be supplied by either remobilized protein
or newly-fixed protein.
Different f rom SOYGRO, protein remobilization
f rom vegetative tissue is simulated to begin as soon
as seeds are formed. Mobil ized protein is assumed to
be used first, in preference to sending CH2O to
nodules to f ix new N. To the extent that mobilized
protein is available, assimilate is first used to grow
seed wi th an energy-conversion cost of AGRSD2,
which accounts for condensation and respiration for
seeds using mined protein.
After using a certain amount of assimilate to syn-
thesize seed f rom remobilized protein, the remainder
of the assimilate ( i f any is left) is used to synthesize
seed using AGRSD1 conversion cost, which accounts
for costs of N assimilation as well as condensation
and growth respiration to make seed. This addi-
t ional seed growth would be l imited to PGLEFT /
A G R S D 1 , also wi th in the constraints of X F R U I T ,
S D M A X R , and T M P F A C .
After computing seed growth using these two
sources of N, any remaining assimilate (multipl ied
by X F R U I T = 0.83) is used to grow shells for those
shells sti l l in their active growth phase (LNGSH) .
Then, any remaining assimilate is used to add shells
if all reproductive growth is using less than X F R U I T
of the total daily available photosynthate.
Crop Maturation
Seed growth continues unt i l either of two events
occur. Seed growth ceases when the ratio of seed
weight to shell plus seed reaches a maximum shelling
fraction ( T H R E S H = 0.78). This is a cultivar-specific
trai t ; however, the same value applies for Florunner
(Norden et at 1983) as for Bragg soybean. Secondly,
seed growth can also be terminated by the loss of
photosynthetic capacity. Such an event is presently
approached slowly in the model as the result of
protein mobil ization which reduces canopy photo-
synthesis. Disease, insects, severe drought, and frost
can cause more rapid termination.
Senescence
Leaf senescence is caused by crop aging, drought
stress, and protein remobil ization. Pr ior to begin-
ning of seed growth, senescence is based on a table of
cumulative percent senesced leaf weight as a func-
t ion of stage-V for fully-irrigated plants. This feature
is similar to SOYGRO in that normal leaf senes-
cence starts at V-5 and increases linearly to 12% of
cumulative leaf weight grown (WLPOS) by V-14,
and 16% by V-30. If drought stress occurs, leaf
senescence may exceed that described above. The
maximum l imi t on leaf senescence due to drought
stress ( S E N M A X ) begins at 0.0 at V-3, reaches 0.20
at V-5, increases linearly to 0.60 by V-10, and can be
0.60 after V-10 to maturity. The variable S E N D A Y
determines the maximum fraction of existing leaf
weight to senesce on a severe drought-stress day
when T U R F A C is low. Actual senescence is delayed
by 4 d f rom the time of drought stress (lag of 4 d)
because leaves take time to die and abscise. Expe-
rience wi th a drought period on 1981 Florunner
groundnut suggests that groundnut leaf-senescence
response to a given drought is less drastic than that
of soybean. Either S E N M A X or S E N D A Y could be
reduced. We chose to reduce S E N D A Y f rom 0.05 to
0.03.
Groundnut lacks the grand senescence phase com-
mon to soybean, thus we disabled the grand senes-
cence that is triggered at stage R7 in soybean. This
feature allows renewed fruit ing and vegetative growth
when existing pods have matured. The realism of
this feature is subject to question, but renewed
vegetative growth and new frui t ing may be possible
if disease, insects, and weather conditions al low.
P N U T G R O can presently be run either w i th deter-
minate frui t ing or with indeterminate f ru i t ing t r ig-
gered by X P O D dropping below X F R U I T .
Protein Mobilization
Protein remobil ization and leaf senescence l inked to
it begin in P N U T G R O as soon as seed growth begins
( N P O D +LAGSD). (SOYGRO only begins min ing
after NDSET) . Min ing increases for several weeks
while seed number increases, and thereby increases
the total seed-growth capacity to use the available
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amides. Thereafter, mobi l izat ion continues at a con-
stant rate control led by growing degree days per day
and by the rat io of mineable protein pool divided by
the physiological t ime f r o m N P O D to maturity.
For 40 days or more vegetative growth continues to
add new protein to the protein pool even while pro-
tein is being mined f rom existing leaves. The net
effect is to reduce the vegetative protein composition
even while vegetative dry weight is increasing. Data
of Boote (1976 unpublished) and Wil l iams (1979)
show that protein composit ion of leaf, stem, and
shell begin to decline shortly after beginning of pod
addit ion. For each g of protein mined f rom leaves
SENRTE g of leaves are abscised, in addit ion to the
protein weight lost. SENRTE value is presently 1.0.
If leaves senesce pr ior to start of protein mobi l iza-
t ion , or abscise due to drought stress, the mineable
protein in those leaves is also abscised and lost f rom
the available protein pool.
The amount of protein available to mobil ize f rom
leaf, stem, shell, and root is computed using in i t ia l
and min imum protein fractions reported for ground-
nut. In i t ia l composit ion is the same as in Table 1;
final protein composit ion is 0.178, 0.071,0.094, and
0.069 g protein g-1 tissue dry weight for leaf, stem,
root, and shell, respectively. These values represent a 
consensus of results of Boote (1976 unpublished),
Wil l iams (1979), and Schiffmann and Lobel (1973).
Soil-Water Balance and Root System
The soil-water model in P N U T G R O was adapted
f rom the soil-water balance of Ritchie ( In press ) as
described by Wi lkerson et al . (1985). The soil is
divided into up to 10 layers. Each layer- zone con-
tains soil water and root density which change w i th
time. Water content in each zone varies between a 
lower l imi t (LL(J) ) and a saturated upper l imi t
(SAT(J)) . If water content is above a drained upper
l imi t (DUL(J) ) , then drainage occurs.
Plant transpiration is based on root length and
soil-water distr ibut ion in each zone, and on a poten-
t ia l plant transpiration rate determined by weather
and L A I . Temperature and radiat ion are used to
compute the Priestley and Taylor equi l ibr ium eva-
potranspiration (EP1) which is mult ipl ied by an
exponential funct ion of L A I to give climatic poten-
t ia l plant transpirat ion. The water-supplying capa-
bi l i ty of the soil-root system is calculated and com-
pared w i th the potential plant transpiration. Actual
plant transpirat ion and water extract ion by roots is
the min imum of the two rates. Drought stress occurs
if the capability of the soil-root system to supply
water is less than the climatic potential transpira-
t ion. Crop PG is reduced in direct proport ion to the
rat io of soil-root water-supply rate to climatic
potential. Turgor is assumed to be reduced as the
ratio declines below 1.5, thus reducing leaf-area
expansion and altering shoot / root partit ioning before
PG is reduced.
Root growth is similarly handled in SOYGRO
and P N U T G R O . Tota l root length is determined by
the carbohydrate partit ioned to roots and a length-
to-weight parameter ( R F A C l ) . Part i t ioning was
changed for groundnut, but the same R F A C l of
9500 cm root length g -1 was used. The distr ibut ion of
roots in the soil zones depends on current root depth
(RTDEP) , soil water in each zone, and an empirical
weighting funct ion (WR(L) ) that represents the
probabil i ty distr ibut ion of roots growing in each
zone later in the season if well-watered. This func-
t ion accounts for horizon effects on root growth as
well as genetic differences. The rate of root-depth
increase ( R F A C 2 = 0.249 cm/°C-day) continues
unt i l reaching a maximum depth ( D E P M A X ) which
is soi l- and crop-l imited. The root length weighting
funct ion (WR(L) ) was changed for groundnut based
on data of Robertson et al . (1980) as reported by
Boote (1982b). For simulating groundnut, we i n -
creased the probabil i ty of root-length distr ibution in
the 90-120, 120-150, 150-180, and 180-210 cm depths.
This change also helped to minimize a simulated
severe water deficit which the 1981 experimental
data showed to be less severe than the model simu-
lated when a soybean root distr ibut ion was used.
This substantiates an opinion we have had for sev-
eral years, that groundnut's deep-rooting traits
make it less drought-susceptible than soybean.
The proport ion of roots to grow in each zone is the
tota l growth mult ip l ied by the S W D F ( L ) x W R ( L )
for that zone and divided by the sum of the
S W D F ( L ) x W R ( L ) over the active root zone
(RTDEP) . The S W D F ( L ) reduces root growth in a 
zone if water content in that zone is less than 25% of
the extractable water. Also, when this soil-water
level is reached in a given zone, root senescence
begins at a rate of 1% of root in the layer per day.
Results a n d Discussion
M o d e l Cal ibrat ion Versus 1981 Field D a t a
A systematic procedure was fol lowed to calibrate the
P N U T G R O model to simulate the 1981 field data
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for Florunner groundnut. Before running any simu-
lations, the cost of tissue synthesis for each plant was
estimated as described in the methods. The approx-
imate tissue composit ion and resulting cost for syn-
thesis is shown in Table 1. Likewise, parameters
associated wi th protein mobil ization, init ial and
f inal f ract ion protein in vegetative tissues were
defined.
The second step was to simulate phenological
development using the model, the 1981 weather, and
the observed dates for groundnut crop-growth stages
for 1981. The physiological day accumulator in the
model used base and opt imum temperatures of 13.5
and 30°C as described earlier. Running the model in
this mode allowed computing the cumulative physi-
ological days necessary to emergence, V1, R1, R4,
and R8 harvest maturity. These parameters were
then used as setpoints in the model. Max imum rate
of main-stem node development was computed to be
0.423 trifoliates per physiological day after V1.
The next step was to include early part i t ioning
and early temperature-limited leaf-area development
per plant as a funct ion of stage V up to V7.5. This
informat ion is placed in an ' input ' table in the data
file of cultivar-specific traits. Data for this came
f rom a potted-plant study (C. E. Mal i ro , University
of Flor ida, Gainesville) which gave leaf area per
plant and dry-matter part i t ioning to leaf, stem, and
root as a funct ion of stage V up to V7.5. This infor-
mat ion also established the ini t ia l weights per plant
at emergence, ini t ial fraction leaf, stem, and root and
the ini t ial specific leaf area.
Because of the importance of correctly simulated
L A I to photosynthesis, we next changed the specific
leaf area (SLA) function to better simulate ground-
nut. Groundnut leaves are much thicker (lower
SLA) than soybean. The changes in S L A wi th the
groundnut life cycle were different f rom soybean
and required some code changes. The S L A of both
crops begins low, then increases as the canopy
develops; however, groundnut S L A then remains
high whereas that of soybean begins to decline
(leaves thicken) when leaf expansion is terminated at
the R4 growth stage.
Parameters and relationships developed to this
point are assumed to be cultivar-specific traits which
should hold true in other cropping years and loca-
tions.
Using the above developed parameters, we now
begin simulations wi th actual weather, irr igation
record, row, and plant spacings. Dur ing the first
simulations, we adjusted a P G M U L T factor, response
of photosynthesis to solar radiat ion, to give the
approximately correct slope to tota l dry-matter
accumulation, up to 80 or 90 d (Fig. 2). At this point ,
late-season part i t ioning, pod addit ion, and growth
rates of shells and seed were not yet correct.
The next step was to calibrate pod-addit ion rate,
growth rates and durations per shell and per seed.
These parameters also affect matur i ty. Based upon
previous field studies, we estimated max imum Shetl-
and seed-growth rates ( S H M A X R and S D M A X R ) ,
seeds per pod (SDPDVR) , max imum seed shell-out
(THRESH) , pod-addit ion rate ( P O D V A R ) , length
of shell growth (LNGSH) , and length of shell growth
at which seeds start ( L A G S D ) . The P O D V A R
parameter was adjusted to give the proper slope to
pod number versus time as shown in Figure 3. These
data points define full-sized pods and full-sized pods
wi th developing seeds, respectively. Parameters
S H M A X R , L N G S H , S D M A X R , T H R E S H , and
S D P D V R are interrelated and must be carefully
adjusted because together they define the pod filling-
period, seed size, and weight per pod. Procedurally,
one should run the model once to integrate the dai ly
temperature and weather effects on seed and shell
growth, then adjust S H M A X R and L N G S H to give
the correct average weight per shell at matur i ty.
Then, adjust S D M A X R to give the correct average
weight per seed at maturi ty and to observe that
shelling percentage progresses over time as field data
show (Fig. 4). Notice carefully that i f S D M A X R or
D a y s a f t e r s o w i n g
Figure 2. Simulated and f ie ld-measured vegetative
dry weight, reproductive (pod) dry weight, and total
above-ground crop dry weight for Florunner ground-
nut sown 1 A p r i l 1981 at Gainesville, F lo r ida .
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S D P D V R are too large, the max imum T H R E S H = 
0.78 w i l l invoke early terminat ion of seed fill.
Certain of the above parameters can be set easily.
T H R E S H , for example, should be defined f rom typ-
ical shelling percentage for a ful ly-mature crop
grown under i r r igat ion and disease control . The
parameter S D P D V R , seeds per pod, is likewise a 
stable genetic trait . L N G S H = 12 days is consistent
w i th data of Schenk (1961) showing up to 2 weeks'
rapid shell growth. More important is the value
L N G S H mult ipl ied by S H M A X R , which can be set
f r om average weight per shell. L A G S D was set at 5 d 
for two reasons. First, seed and shell growth overlap
in t ime, w i th rapid seed growth starting before shell
growth is complete (Schenk 1961, Boote 1982).
Secondly, L A G S D at 5 d gave the proper simulated
t iming of the start of seed growth relative to shell
growth and the resulting curve of shelling percentage
versus t ime (F ig . 4). P O D A D D , number of pods
added per day, must be calibrated for each cultivar
f r o m actual pod numbers versus t ime. As used in the
model it is normalized by the relative photosynthesis
funct ion, which should make it applicable in another
year even if photosynthesis is drastically reduced.
The next step in model cal ibrat ion was to check
the part i t ioning between vegetative and reproduc-
tive tissue. The reasons for calibrating pod addit ion
first, is that pod addit ion has first pr ior i ty for assimi-
late w i th the remaining f ract ion (1 . -XPOD) going to
vegetative growth. An important feature to consider
here is groundnut's indeterminate vegetative growth.
Part i t ioning to shell and seed growth was l imited to
a value less than X F R U I T = 0.83 to al low vegetative
growth to continue after fu l l pod load was achieved.
Figure 2 shows the resulting vegetative and repro-
ductive dry weights simulated by the model using
this part i t ioning approach.
Relative part i t ioning among leaf, stem, and root
was then evaluated. The 1981 field data showed that
the rat io of leaf growth to stem growth was 0.30:0.70
between 84 and 102 d. Assuming 0.10 to go to roots,
we set 0.10:0.27:0.63 as the final rat io of root:leaf:
stem growth after podset. FRRT, F R L F , and F R S T M
were allowed to change linearly over time f rom the
values at stage V 7.5 (0.18:0.44:0.38) to values
(0.10:0.27:0.63) after pod addit ion. These values are
mult ipl ied by ( l . - X P O D ) to give actual part i t ioning
coefficients. Leaf-weight growth in conjunction wi th
the S L A funct ion results in the L A I curve shown in
Figure 5.
There is a simulated resurgence in vegetative
growth and pod addit ion when the main crop of
pods begins to mature and allows assimilate to
become available (i.e., part i t ioning to f ru i t falls
below the l imi t X F R U I T = 0.83). This could be
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Figure 3 . S imulated and measured p o d number per
m 2 for F lorunner groundnut sown 1 A p r i l 1981 at
Gainesvil le, F lo r ida . T h e category pods, consists of
frui ts which are at or beyond the R4 stage (full-sized
fruits), and the category pods w i th seeds are those at
or beyond the R5 stage (fruits w i th detectable seed
growth) .
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Figure 4 . S imulated and measured pod dry weight,
seed dry weight , and shelling percentage for F l o -
runner groundnut sown 1 A p r i l 1981 at Gainesville,
F lo r ida .
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Figure 5. S imulated and measured leaf area index
( L A I ) for F lorunner groundnut sown 1 A p r i l 1981 at
Gainesville, F lor ida .
stopped by invoking a l imi t on pod addit ion and
vegetative growth; however, there is f ield evidence
that field-harvestable yield is the net of pods remain-
ing on the plant where young pods are added, while
some older pods may have already abscised. Under
good disease contro l the 1981 Florunner crop at 147
d yielded 5545 kg ha-1 of harvestable pods whereas
an addit ional 381 kg ha-1 detached pods were also
recovered f rom the so i l There was an increase in pod
number and pod wal l mass and a decrease in shelling
percentage between 134 and 148 d.
The process of cal ibrat ion was not quite as simple
as the above description sounds. There were a 
number of iterations of changing parameters, espe-
cially the P G M U L T parameter, X F R U I T , P O D A D D ,
pod- , and seed-growth traits, and part i t ioning to
various vegetative tissues. Sixty to seventy runs were
made to satisfactorily calibrate the model starting
f rom SOYGRO. It was also important to use the
actual i r r igat ion record rather than to assume ade-
quate i r r igat ion. I f we accept P N U T G R O simula-
tions of drought stress as correct, then the 1981 crop
actually suffered several short unintentional drought
stresses dur ing the early season, which reduced leaf-
area expansion and increased assimilate allocation
to roots. Moreover, we found it necessary to change
the late-season root-depth profi le to minimize the
apparent effects of a late-season drought on total
growth and leaf senescence. We also reduced the rate
of leaf abscision ( S E N D A Y ) in response to drought
as compared to soybean.
Future Plans
We plan to validate P N U T G R O against independ-
ent data sets to test its response to shading, soi l -
water deficit, and insect defol iat ion. We w i l l further
develop model response to leafspot diseases and to
soil fert i l i ty. Direct soil-water and calcium effects on
fru i t ing w i l l be developed. We plan to maintain ind i -
vidual classes of fruits by fruitage all the way f r o m
shell addit ion to seed maturat ion to simulate ind i -
vidual f ru i t maturat ion and subsequent f ru i t abscis-
sion. This w i l l al low computing matur i ty data fo r
harvest relative to number of pods lost to abscission
and relative to late addit ion of new young pods.
We plan to work closely w i th international
groundnut researchers and w i th the peanut systems
research group in the USA to develop addit ional
val idation data sets and to derive cultivar-specific
traits such as assimilate part i t ioning and crop growth
stage progression in response to temperature and
drought. We w i l l also work w i th entomologists to
assist in coupling pest models to P N U T G R O . Af ter
appropriate validation of P N U T G R O , we p lan to
release a F O R T R A N version adapted to I B M - P C
compatible microcomputers. That version w i l l have
user-friendly input, output, and graphics very sim-
ilar to SOYGRO Version 5.0 for I B M - P C compat i -
bles.
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Applications to Groundnut Cult ivat ion
Discussion
D. Smith:
Would you anticipate a similar response to rust in
the model as you do wi th leaf spot?
K. J. Boote:
I th ink that it would be somewhat similar. I don't
know if rust causes the same degree of leaf loss. You
need to characterize the effect on senescence, photo-
synthetic response, and lack of stomatal control or
water loss.
J. H. Williams:
We have looked at the response of a range of varie-
ties to leaf spot or rust. The yield response is fair ly
linear regardless of the type of the disease.
S. M. Virmani:
One of the things that we found lacking in the model,
especially in the SAT, is the soil resistance. Here
pegging takes place towards the end of the season
and soil resistance in the top 5-10 cm is very impor-
tant to format ion of pods or gynophores. The entry
is just not there. There is abort ion at that point. Do
you th ink a subroutine on that would be required?
We have the basic penetrometer readings on pegs
that enter the soil, particularly on the Alfisols.
K. J. Boote:
I th ink it would be nice to develop a subroutine
which considers soil strength on pegging as well as
the influence of water status and calcium on the
init ial development of fruits.
E. T. Kanemasu:
You have said earlier that crop-growth rate for
groundnut is 24% higher than for soybean, and now
you say that the transpiration is similar to soybean.
That means transpirational efficiency is much higher
for groundnut than for soybean.
K. J. Boote:
I th ink that would be a correct conclusion but I do
not know if it is true.
S. M. Virmani:
I would like to pursue the question of future collabo-
rat ion. As far as I know this is the only work ing
model that exists for groundnut. I th ink it would be
best to work under the overall umbrella of the IBS-
N A T project. We have several data sets that we
could transfer to you. But if you give us the model,
we could check it out for you. We fol lowed a similar
pattern of validation for the SORGF mode l Our
intention at that time was to check whether S O R G F
works or not and if any changes are required. It
needed 5 years of work wi th SORGF to validate it
for another agroclimatic environment. Ritchie's
water-balance subroutine is good, but it fails under
semi-arid conditions. We have modif ied Ritchie's
model which worked for sorghum. We w i l l be
pleased to transfer it to you. I hope it w i l l work fo r
groundnut.
Another issue that emerges f rom work done at
I C R I S A T Center, particularly by Dr . Wi l l iams, is
that drought stress and yield response are indepen-
dent of the growth stage of groundnut. This is very
important and we were always concerned about this
response. It is an indeterminate crop, and we were
concerned about how it would perform under drought
stress. If that is the case, the revised Ritchie's version
should work for groundnut.
K. J. Boote:
The sensitivity of crop-growth stage to water deficit
should be bui l t into a simulation model l ike this. In
one respect it continuously computes the crop coef-
ficients which Mr . Frere described. In addi t ion to
that the natural consequence of where the carbon is
going w i l l determine that the reproductive stage is
very sensitive.
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Index of Meteorological Parameters
for Agrometeorological In fo rmat ion
D . R i j k s *
The index summarized in Table 1 aims at providing agrometeorologists wi th rapid informat ion on some
relationships between meteorological parameters and agrometeorological information used in pest and
disease control in groundnut as they were presented in some of the communications. It should facil itate
analysis of primary observations for practical advise to the farming community.
Table 1. Index of meteorological parameters for agrometeorological information.
Country
S.E. USA,
Virginia
Nigeria
Senegal
General
Oklahoma
Georgia,
U.S.A
Disease(s)
pest(s)
Leafspot
Arachidicola
Cercosporidium
personatum
Termites
Microtermes
Millipedes
Af la tox in
Aspergillus
flavus
Aspergillus
parasiticus
Invasion of
A. flavus 
early in season
A. flavus 
Invasion of
mature pods
in the ground
Climatic elements
T N > 2 1 °C , r . h . > 9 5 %
(simple graphical
presentation)
Water depletion
in top soil; low late-
season rainfal l
Water depletion in top
0.10 m of soil
Synopt ic : weather
pattern, wind velocity
and direction, cloud cover,
solar radiat ion, relative
humidi ty, frequency and,
amount of precipitation
T = 20-35°C, r.h. = 85-89%
Rain or high r.h. fol low-
ing drought; causing
swelling and subsequent
cracking of dry pods,
allowing infection
Agrometeorological
information
Spray advisories
4 treatments
less per season
Increased
damage to tap
root
Attacks on
immature pods
Extent of
development of
aflatoxin
Extent of
development of
aflatoxin
Extent of
development of
aflatoxin
Author(s)
Smith
Lynch
Lynch
Pettit
Pettit
Pettit
Continued.
1. Chief, World Climate Applications Program, WMO, Geneva, Switzerland.
ICRISAT (International Crops Research Institute for the Semi-Arid Tropics). 1986. Agrometeorology of groundnut Proceedings of an
International Symposium, 21-26 Aug 1985, ICRISAT Sahelian Center, Niamey, Niger. Patancheru, A.P. 502 324, India: ICRISAT.
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Table 1. Continued. 
Country
Nigeria
Georgia,
U.S.A.
Sahel
Senegal
Disease(s)
pest(s)
A flavus 
contamination
dur ing drying
Contaminat ion
dur ing dry ing
Contaminat ion
dur ing storage
Contaminat ion
dur ing storage
Af la tox in
A. flavus 
A. flavus 
Rosette
(Aphis
Leguminosae
Theo., Aphis 
craccivora)
Aphis
craccivora
Roui l le,
Puccinia
arachidis S.
Cl imatic elements
Rain on dry pods fol lowed
by non-drying conditions
r.h. > 85%
Seed moisture > 9%
r . h . > 8 0 % , T > 3 0 °C
When r.h. < 70%
When 2 6 < T < 3 1 °C for 31
days and drought occurs
T S O L > 2 5 °C
T = 30-35°C
r.h. > 85% or 10-30% in
pods at 30°C
T increasing
Adaptat ion of crop-
cycle length to season
length
Sufficient water dur ing
dry season
( ~ 900 m m a-1)
( 2 4 < T < 2 8 . 5 °C and
r.h. ~ 65% dur ing 10
days) 35 days beforehand
Presence of tornadoes
28 < T < 32 and
60 < r.h. < 80% between
10-14 h 
Wind > 25 km h -1 and
direction
Free water on leaves
or r.h. > 90%
T ~ 2 7 °C
Agrometeorological
in format ion
Extent of
development of
af latoxin
Extent of
development of
af latoxin
Danger of
contamination
Aerate only when
r.h. < 70%
Great infection
especially immature
pods
Important produc-
t ion of af latoxin;
increased toxici ty
Reduce af latoxin
incidence
Mul t iannual per-
sistance of aphid
populat ion
Opt imal devel-
opment of Aphis 
craccivora
Aph id fl ights
impeded or aphid
populations
decimated
Strong l iberation
of spores
Dist r ibut ion of
spores
M a x i m u m germina-
t ion of spores
Author(s)
Pettit
Pettit
Pettit
Pettit
Sanders
Picasso
Tsol = Soil temperature (°C)
Tn = minimum temperature (°C)
Tx = maximum temperature (°C)
T=mean temperature (°C)
T = temperature (°C)
r.h = relative humidity (%)
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Plenary Session
Chairman: C.R. Jackson Rapporteur: M.V.K. Sivakumar
Co-chairman: D.L. Ketring
Summaries and Recommendations
Session I: Global Groundnut Production
Three comprehensive presentations were made in
this session. The first two dealt wi th the moisture-
supplying capacity of the environment and the third
wi th the biological constraints, some of which are
influenced by the climate.
The first presentation by G. Higgins of FAO
(made by M. Frere) dealt in a general manner wi th
the climatological and physical environment of the
groundnut-growing regions of the world. Of interest
was the definit ion of eight temperature zones of the
wor ld and distr ibution of groundnut largely in the
"hot- t ropics" of Afr ica, Asia, and the Americas. To
properly evaluate the agroclimatological constraints,
the first step was to compile all available climatic
data which appeared for Afr ica as a two-volume
bullet in in 1984. Using the inventory of maturity
cycle of tradit ional varieties grown by farmers,
length of growing season, and soil type, it has been
possible to delineate the zones where groundnut has
a potential.
The second presentation, 'Agrocl imatological
Characteristics of Groundnut-Growing Regions in
the Semi-Arid Tropics' was made by S.M. Virmani
and Piara Singh of ICRISAT. The first part dealt
wi th ecological features of groundnut-growing re-
gions. The crop is grown in many diverse environ-
ments and this is indicated by the rainfall amounts
received (400-1500 mm), the moisture-storage capacity
of the soils, and the various times of the year when
the crop is sown and harvested. Generally the grow-
ing season is short and is characterized by intermit-
tent droughts. The second part dealt wi th agrocli-
matic analysis using clustering techniques to identify
six locations to represent the four major groundnut-
growing regions. Of particular interest was the third
part, where changes in rainfall environment in sub-
Sahelian Afr ica, which barely meets the climatic
water demand, were discussed. An analysis of four
West Afr ican locations consistently showed a trend
of increasing below-average rainfal l years in 1960-
75. For Dakar (Yoff ) , a 10-12-week growing period
was obtained in 8 years out of 10 during 1947-55, 6 
years in the period 1956-65, and 4 years in 1966-75.
As a growing season of 84 days is the minimum
required for production, the constraints imposed by
reduction in the length of the growing season could
have major effects on the way groundnut is t radi-
t ionally grown. A plea was made for integrated
farming-systems research to evolve improved sys-
tems for stable and increased production.
The th i rd presentation dealt wi th the biological
constraints to increased product ion, and was made
by R.W. Gibbons of ICR ISAT . Wherever ground-
nuts are grown, a wide range of fungal, v i ra l , and
bacterial pathogens, and attacks by insect pests dras-
tically reduce yields. The pathogens that cause rust,
leaf spots, virus (like P M V ) , and aflatoxins are
important. Among the insects, aphids are important
as vectors of viruses. Progress made at I C R I S A T
Center in the identif ication, ut i l izat ion of resis-
tances, and integrated management schemes to con-
t ro l major biological constraints was presented. The
important role of climate in distr ibution of rust and
vectors of viruses was illustrated.
Recommendat ions
• It would be useful to extend the F A O agroecolog-
ical zones study to include groundnut.
• There is an urgent need for an interdisciplinary
approach involving agroclimatologists and plant-
improvement scientists to gain a better under-
standing of the disease-amplifying effects of c l i -
mate and climate-dependent interactions between
the host, pathogens, and insect pests. Climate-
driven models of groundnut product ion need to
account for moisture supply-demand and disease
and insect-pest incidence.
• Further analysis of climatic data is needed to
investigate if the 'shortened growing seasons'
found at several stations occur more widely
throughout the Sahel. Guidelines for plant improve-
ment and resource management scientists to
breed improved varieties and develop new tech-
nologies are urgently needed.
• Research on the influence of climate on nutr ient
availability, and the methods being developed to
measure moisture retention wil l contribute towards
optimum utilization of these two limited resources.
Session I I : Water Relations of Groundnut
There were three presentations in this session. In the
first, Dancette and Forest reminded us that water is
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the most dif f icult (expensive) parameter to control
in Sahelian farming, so it is natural ly the most
important aspect of groundnut production. An
understanding of the water use of various crops or
cultivars of a single crop permit estimation of poten-
t ial yields in specific rainfal l areas. This knowledge
permits us to recommend specific cultivars for par-
ticular climatic zones.
Models using parameters estimated f rom simpli-
f ied biological and physical systems can be used to
make first-order yield estimates in varying environ-
ments. Pan evaporation data and Penman potential
evaporation calculations can both be used to give
similar yield estimates. These parameters along wi th
rainfal l data describe the water deficit or surplus
dur ing the growing season, and can therefore be
used to determine probabilities of plant status at any
given time dur ing the growing season. The proce-
dure is applicable to different crops and can be used
to select the best crops and cultivars for each area.
Using these techniques, two important points
were made:
• the change in weather after 1968 has moved the
area where groundnut can be grown considerably
southward.
• We can map areas where different cultivars of
groundnut can be grown (example: Luga, Bam-
bey, and N ioro du R ip stations show very differ-
ent potentials for long- and short-season groundnut
production).
Suggestion: An effort should be made to use avail-
able and newly generated data to better define
groundnut cultivar recommendations in various
parts of the Sahel. (Note: management practices can
affect this map).
The paper by M.V.K . Sivakumar and P.S. Sarma
looked at the effects of the time and severity of
drought stress on groundnut product ion dur ing the
growing season. This stress, applied in a gradient
f r om mi ld to severe water deficiency by using a 
line-source sprinkler system, was applied during one
or more quarters of the groundnut life cycle.
The results demonstrated that certain groundnut
cultivars are quite adaptable in their abil i ty to re-
cover f rom stress and that, in general, early drought
stress had minimal effect on later pod yield. This
adaptability may be due to:
• changes in root morphology as a funct ion of
drought stress.
• The plant's abil i ty to rest "dormant " during
stress.
• The use of "escape mechanisms" (e.g., leaf loss)
during stress.
Other factors which may affect groundnut resistance
to drought include:
• plant spacing and orientation
• plant physical structure
• cultivar differences in time of sensitivity to stress
such as physical problems (peg entry into soil) or
biological factors which permit avoidance and
recovery.
In general, if drought stress is relieved by the
peg-initiation stage, yield loss wi l l be minimized.
This suggests that water-saving management prac-
tices and advantageous sowing strategies exist and
can be exploited.
As a subtopic, measurement of plant stress was
discussed. Al though soil-water tension gives a good
first approximat ion to plant water stress, plant and
cultivar differences require data f rom the plant itself.
These include leaf-water potential, rates of transpi-
rat ion, stomatal conductance, and canopy tempera-
ture. However, none of these methods are suited for
large-scale cultivar testing for stress resistance. Fas-
ter, simpler techniques such as leaf rol l ing, t r ip burn,
or wi l t ing are needed.
The th i rd paper, by J .H . Wil l iams, R.C. Nages-
wara Rao, R. Matthews, and D. Harris, went a step
further than the previous two to look in more detail
at the effect of durat ion, intensity, and t iming of
drought stress on 22 groundnut cultivars wi th sim-
ilar growth patterns (specifically, length of time to
flowering). Differences between genotypes in resis-
tance, avoidance, and recovery f rom a given drought
stress (as defined by irr igation rate) relative to poten-
t ial evaporation show that:
• drought stress decreases yield proportionately to
the plant's ability to meet the evaporative demand
of the atmosphere, and
• different cultivars have different methods of
escape/avoidance/recovery, including different
rates of dry-matter accumulation and different
part i t ioning in the event of drought.
Knowing the patterns of cult ivar susceptibility
permits one to "f ine tune" cultivars to environments
based on historical characteristics and drought peri-
ods at each site. Strategies available include:
• the use of high potential-yield cultivars, which,
although being generally more sensitive to end-
of-season drought, have advantages because of
their yield potential in these circumstances, and
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• the selection of cultivars for their escape/avoi-
dance/recovery abilities to midseason droughts
wi th high potential yields.
A good example of the importance of management
was discussed: the application of gypsum decreased
the susceptibility of most groundnut cultivars to
drought.
R e c o m m e n d a t i o n s
• Changing rainfal l patterns (shorter duration of
the rainy season, drought periods during the
rainy season wi th differing frequencies and dura-
tions) in the SAT require a continuing determina-
t ion of the limits of where groundnut remains an
economically viable crop.
• Agrometeorological data is important to deter-
mine where groundnut can be grown and what
general types of groundnut f i t the climatic pat-
tern, e.g., a 90-, 110-, or 120-day cycle cultivar.
Interdisciplinary collaboration can contribute to
cultivar improvement to take better advantage of
the available rainfall in the SAT. Broad based
collaboration in groundnut research is imperative.
Session I I I : C l imat ic Requ i rements
o f G r o u n d n u t s
Three papers were presented in this session, two on
the response of groundnuts to agroclimatic factors
and one on the breeding criteria and methods for
providing groundnut varieties better adapted to
uncertain rainfal l conditions.
The paper by C.K. Ong on "Agrocl imatological
factors affecting phenology" emphasized that the
study of phenology had been concerned more wi th
the t iming of developmental processes rather than
wi th the rate of development. By relating the recip-
rocal of the durat ion of the developmental process
(i.e., rate) to agroclimatological measurements, a 
more useful descriptor of plant response is obtained.
Ong developed this concept by relating temperature
to growth for a particular phenological period
divided by thermal time. Germination of ground-
nuts using thermal growth rate indicates that there is
a conservativeness as far as the base temperature
requirement is concerned, but genotypes did differ in
the max imum temperature requirements. These
genotypic differences may be very useful in selecting
new genotypes for heat tolerance in the semi-arid
tropics (SAT). Ong further developed this concept
for other phenological stages and emphasized the
need for more research to verify the importance of
thermal growth rate. Other agrometeorological fac-
tors which affect phenology discussed in the paper
are daylength, saturation deficit, and rainfal l distr i -
but ion. Ong recommends integration of crop phe-
nology and growth responses, and the further eva-
luation of the concept of thermal growth rate for
groundnuts.
The paper by D.L. Ketring, "Physiological response
of groundnut to temperature and water d e f i c i t s -
breeding implications pointed out important differ-
ences between groundnut genotypes in their response
to supraoptimal temperatures. This work has come
out of the disastrous effects of high midseason grow-
ing temperatures (>35°C) on groundnut yields in
the USA. Using controlled-environment procedures
Ketr ing found differential response among ground-
nut genotypes to high-temperature tolerance. These
genotypes also differed in heat tolerance indicated
by membrane thermostability using the in v i t ro leaf-
disc method wi th leaf tissue f rom field-grown plants.
Ketr ing describes in his paper the development of
selection techniques for improved hydration. Emphasis
was placed on improved rooting traits and favorable
water-potential components. Genetic diversity was
found for these characteristics in field and green-
house experiments. A useful selection technique for
improved hydration maintenance was the measure-
ment of sap-flow velocity. This measurement ind i -
cated differences between genotypes in their abi l i ty
to maintain water f low through the plant under
drought-stress conditions. Ketring concluded f rom
his study that the traits for heat and drought toler-
ance are genetically transferable.
The th i rd paper of the session presented the rela-
tionship of climatic requirement of groundnuts f rom
the perspective of the groundnut breeder. J .L . Kha l -
faoui, in his paper "Breeding groundnut varieties for
the semi-arid zones", outlined the lack of genotypes
previously well-adapted to the different rainfal l
zones of Senegal over the last 15 years. He developed
the concept of " f i t t i ng " the variety to the length of
the growing or rainy season. By examining the last
two decades of seasonal rainfal l , he was able to
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predict the l ikelihood of failure or success of ground-
nuts of different growing periods at Bambey and
Louga. This analysis pointed out the need to develop
earlier-maturing genotypes. In his paper Khalfaoui
also highlighted the importance of poor rainfall dis-
t r ibut ion resulting in drought stress not only at the
end of the season, but at other times throughout the
growing season. The paper also discussed the classi-
cal and recurrent-selection techniques presently being
used to attempt to improve the adaptation and
resistance of groundnut genotypes to shorter grow-
ing seasons and poor distr ibution of the seasonal
rains.
In the discussion of Ong's paper the need to verify
the concept of thermal growth rate in the various
phenological stages was recommended. Al though
some doubt was expressed about giving research
pr ior i ty to temperature in sub-Saharan Afr ica, Ong
felt that examination of soil- and air-temperature
data in relation to growth and yield needed to be
examined. It was pointed out that not only high-
temperature effects but suboptimal-temperature ef-
fects may prove to be important in the region.
The Ketr ing paper raised the issue of the close
relationship between heat and moisture-deficit to l -
erance. Some participants felt a need to separate
these two effects, although invariably drought and
temperature stress occur together. The importance
of understanding and measuring root growth and
funct ion were discussed and further refinement of
the methods for simplicity need to be undertaken if
the behavior of different groundnut varieties under
drought is to be understood.
Discussion on the Khalfaoui paper largely cen-
tered on the problem of ensuring that parental mate-
rials meet the criteria used for selection. The possi-
bi l i ty of exploit ing earliness in lines other than
Chico, as well as using genes f rom the Valencia and
wi ld types was raised. I C R I S A T has a number of
other sources of earliness. In developing simple
screening methods to select for important drought-
response characteristics, Ong informed the part ici-
pants that I C R I S A T had developed a soil-depth
gradient to nondestructively differentiate between
genotypes for rooting depth.
Session I V : C l i m a t e a n d G r o u n d n u t
P r o d u c t i o n
Session IV focused on groundnut-production prob-
lems that are conditioned or modif ied by variations
in climatic conditions. Five interesting presentations
were made by Picasso, Pettit, Lynch, Sanders, and
Wil ley. Climatic effects relating to biological pro-
duct ion problems were exemplified by discussions
about three organisms.
Mycotoxins, produced by Aspergillus flavus and
A. parasiticus were recognized as a very serious pro-
duction problem because of their effect on seed qual-
i ty. Al though these fungi can cause seedling diseases,
they produce mycotoxins that are highly carcino-
genic and weaken or destroy body immune systems.
Climatic factors, especially moisture and tempera-
ture, were described as being extremely important in
the growth of these fungi and in the product ion of
mycotoxins. Infection of groundnut by A. flavus 
and A. parasiticus is possible during all stages of
product ion beginning wi th seed germination, and
continuing through pod development, drying, stor-
age, and even after processing. Fungal growth and
infection may occur when temperatures equal or
exceed 25° C and the humidi ty is 83-99%. However,
tox in production is greatly reduced or inhibited at
high temperatures, (i.e., 39°C).
Drought , especially during stages of maturation,
favors infection and growth of the fungi. Early sow-
ing to enable maturat ion of the seed pr ior to the end
of summer rains, or supplementary irr igat ion to pre-
vent stress during this reproductive stage suppress
infection. The shell and testa are natural barriers to
soilborne fungi , but disruption of these scarifiers,
rehydration after drought or after digging to cause
suture weakening or fracture, mechanical breakage
during picking and threshing, or any other damage,
facilitates fungal penetration. Immature groundnuts
have a higher moisture content than mature ones,
and require a longer drying time. They are often
highly susceptible to infection by the A. flavus group 
of fungi dur ing storage. Thus, ut i l izat ion of varieties
and cultural management systems that favor maxi-
mum maturat ion of the f ru i t before digging should
be beneficial in reducing mycotoxin problems. I n -
season drought delays maturat ion, and thus is det-
rimental not only to production but also increases
the l ikel ihood of Aspergillus spp infection. (Could it
be that accelerated maturat ion by late-season leafs-
pot infection is instrumental in reducing incidence of
A. flavus and A. parasiticus?) Stress also affects
quality factors such as seed size and uniformity, fatty
acid rat io, storage life, and palatability.
Genetic differences in pod and seedcoat structural
features that can be correlated wi th resistance to soil
borne fungi have been identif ied. However, more
research on these structures is needed and the avail-
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able germplasm should be screened. In addit ion,
recent research at I C R I S A T Center has indicated
that two genotypes have cotyledonary resistance to
af latoxin production. Further confirmation of this
discovery under varied moisture and temperature
combinations is needed. Fol lowing confirmation,
efforts to incorporate cotyledonary resistance and
favorable pod and testa structures into adapted gen-
otypes wi th varied growth durations should be a 
high research priori ty.
Picasso pointed out in this session that rosette
virus is another important disease of groundnuts in
Afr ica. The incidence and severity of this disease is
also affected by varied climatological factors. The
virus is borne by the aphid Aphis craccivora, which
develops and reproduces most rapidly at 65% rela-
tive humidity and temperatures between 24 and
28.5°C. Winged forms of the insect are rapidly
spread for long distances by wind. The aphid repro-
duces parthenogenetically and populations increase
rapidly. Reproduction rates are greatest about 35
days after min imum daytime humidities of 65% have
occurred for 10 days. Barren soil is beneficial to
aphid infestation. Rosette virus nearly eradicated
groundnut in Burkina Faso 20 years ago. Resistant
varieties are now available and have been effective in
the control of this disease.
Rust is a relatively new disease of groundnut that
has the potential to cause great crop loss. It's occur-
rence was first noted in Afr ica in 1974. Rust is
favored by periods of high moisture and high humid-
ity. Economic crop losses are confined mostly to
regions with more than 600-700 mm of annual rain-
fal l . It occurs annually in the southern, more humid
regions of the SAT and can cause crop losses of 50%.
Only the uredial state of the fungus has been found
in Afr ica and the infection time of the groundnut
varies wi th regions. Temperature is very important
in its development and mult ipl icat ion, with an opti-
mum of 27°C. High humidity, but not free moisture
on the leaflets, is required for spore germination and
infection. Chemical control is possible but impracti-
cal for Afr ican farmers. Resistance has been disco-
vered and is being transferred into adapted cultivars.
The effects of climate on the development and
spread of these biological systems are illustrative.
Lynch reported that more than 200 species of
arthropods have been reported on groundnut in
Afr ica, assessments by I C R I S A T scientists rank
termites, aphids, goundhopper, jassids, and mi l l i -
pides as the most important. A preliminary survey in
Burkina Faso in 1984 revealed thrips, jassids, ter-
mites, and millipides to be of great importance.
Storage insects such as the groundnut bruchid are
also important. Leaf spots, seedling diseases, pod
and root diseases, nematodes, and other biological
pests are also present and each have their own cl i -
matic requirements. A better understanding of c l i -
matic factors wi th regard to the biology and condi-
tions of infestation or infection of these organisms
can help forecast outbreaks and identify weak peri-
ods in the developmental cycles that may be useful
for developing integrated methods of control.
The f inal paper of the session presented methods
to circumvent some of the problems of climate and
pests by the use of intercropping. An interesting
point made in this paper was that increased biomass
per hectare could be obtained wi th intercropping as
compared to sole cropping. Part i t ioning of dry mat-
ter was also affected. The harvest index of sorghum
and groundnut was higher under intercropping than
in the sole crop during drought stress. Causes for the
benefits of intercropping are not known, but mois-
ture uti l ization, solar-energy use, temperature, and
evaporation are suspected. Cooperative studies to
decipher such factors are needed to design superior
farming systems.
Recommendat ions
• Resistance is the most efficient means for disease
and arthropod control, and research to develop
resistant cultivars must be pursued. However,
evaluation of resistance under varied environ-
mental factors is necessary to determine effec-
tiveness over the range of conditions in semi-arid
and subtropic areas.
• Verification of cotyledonary resistance to Asper-
gillus flavus under varied temperatures, humid i -
ties, and other environmental factors is needed. A 
combination of genetically controlled dry seed-
coat resistance, shell traits that restrict fungal
penetration, and cotyledonary resistance into
early and midseason adapted genotypes should
be encouraged.
• Characterization of soil and within-canopy c l i -
matic measures (such as temperature, available
moisture, and humidity) in relation to arthropod
and disease development and in association wi th
ambient environmental measures is needed. This
information, coupled with controlled-climate mea-
sures of pathogen-host, arthropod-host, and patho-
gen- arthropod-host systems should help design
cultural and production systems, and effective
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controls that w i l l enhance harvestable yield of a 
high-quality product.
• Characterization of biological product ion con-
straints, threshold levels, and climatic factors
associated wi th growth and attack of the crop in
different regions under varied cultural and pro-
duction systems should be continued.
• Final ly, effective, early agrometeorological fore-
casts based on historical records to advise agri-
culturists of conditions conducive to the devel-
opment of biological product ion constraints,
preferably pr ior to sowing, could help in cultivar
choice, cultural management systems, and other
measures to reduce crop loss and stabilize yield.
Session V : A p p l i c a t i o n s t o G r o u n d n u t
C u l t i v a t i o n
The session opened wi th a paper by Yayock and
Owonubi , who gave a detailed account of weather-
sensitive agricultural operations in groundnut pro-
duct ion in Nigeria. This account included several
aspects of the planning of the season and described
the influence of relevant agroclimatic factors in
many of the daily farming operations. They stressed
in particular the need to understand the influence of
the environment on each of these steps, especially
because many farmers practice mixed cropping.
The paper on crop-monitor ing by Frere stressed
the potential use of the crop-monitoring method for
both the rapid assessment of the season's yield and as
a within-season tool for advice to farmers. The use of
this method for yield assessment requires the estab-
lishment of the relationship between yield and crop-
water satisfaction index for each crop and region.
The method holds promise for governments to
assess food crop availabil ity before harvest, to plan
marketing, and to establish the need for food stocks
and international food purchases. An exchange of
views by different users of the method on it's valida-
t ion and adaptation was encouraged.
A paper on leaf spot disease forecasting by Smith
presented the use of agroclimatic informat ion on a 
real-time basis for monitor ing, forecasting, and
combating this disease. The basic principle of the
method should be applicable to other insect pests
and other diseases, and the development of more
such informat ion was encouraged.
Boote presented a paper on the use of a crop-
growth model relating agroclimatic factors and their
influence in each stage of growth and development
of a crop to final yield. The step-by-step analysis
increases the understanding required for research
projects and provides insights into the specific in f lu -
ence of agroclimatic parameters in day-to-day farm
decision making. Boote stressed that the model
needs careful validation before it can be used opera-
t ionally and he received enthusiastic offers for con-
tr ibutions to this validation.
The discussion stressed the desire of the part ici-
pants that basic and processed agroclimatic infor-
mat ion should be made available rapidly to help in
the defini t ion of research orientation and to allow
application of practical knowledge that already
exists. The most immediate application areas were
considered to be moni tor ing the development of
insect pests and diseases and their subsequent con-
t ro l and advice to the agricultural community for
day-to-day planning and decision making in ground-
nut cult ivation. These points are expressed in the
recommendations of Planning Group I.
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Report of Planning Meetings
J . S . K a n w a r
G r o u p I 
P r a c t i c a l A p p l i c a t i o n s o f A g r o m e t e o r o l o g i c a l I n f o r m a t i o n f o r I n c r e a s e d
G r o u n d n u t P r o d u c t i o n i n t h e S e m i - A r i d T r o p i c s
R e c o m m e n d a t i o n s
• Publish rapidly all available basic and analyzed/
processed information on dry periods: t iming,
intensity, durat ion, and probabilities of drought;
date of onset and cessation of rains; rainfall pro-
babilities for 10-day periods; potential evapora-
t ion for 10-day period; water balance of crops
and cropping systems; stress periods; length of
the growing season. Provide for regular updating
of these publications.
• Publish information on wind, sunshine, and
temperature data that influence growth and
development, including information on growth-
crit ical maximum, min imum, and base tempera-
tures and on thermal time. Publish information
on relevant soil temperatures.
• Request W M O to promote and make available
results of studies on trends, variabil i ty, and
change of the climate in the semi-arid zones and
to promote the preparation and issue of 5-10 day
forecasts; provide advice to groundnut breeders
on the existence of such trends; ask national
meteorological services to adapt the observation
of soil temperatures to the needs of groundnut
growing.
• Collect and publish information on the values of
temperature and other weather parameters that
influence the development of insect pests and
diseases, and formulate practical techniques that
allow national meteorological services to provide
operational information and warnings on cli-
matic factors that affect the development and
control of the most prominent insect pests and
diseases of groundnut.
• Request the competent organizations to study
and publish in an operational format the existing
knowledge on the mechanisms of spread of insect
pests and diseases.
• Collect and publish information on the agrome-
teorological factors that affect research options
and day-to-day agricultural planning and fa rm-
ing operations throughout the season. This informa-
t ion should exploit the farmers' knowledge of the
sensitivity to agroclimatological factors of his
day-to-day operations and changes therein. It
should permit real-time use of agrometeorologi-
cal information for applications in a farmer-
acceptable manner. It should also include the use
of crop monitor ing models and crop-growth
models to allow the formulat ion of within-season
advice for day-to-day operations and drought
monitoring.
• Request national meteorological services to pro-
vide daily information and forecasts for agricul-
tural operations and pests and disease control .
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Group II
C o l l a b o r a t i v e Research N e t w o r k f o r I m p r o v e d U n d e r s t a n d i n g o f
C l i m a t e / G r o u n d n u t In teract ions
C o l l a b o r a t i o n o n A g r o c l i m a t i c D a t a :
A c q u i s i t i o n , M a n a g e m e n t , Ana lys is ,
a n d E x c h a n g e o f I n f o r m a t i o n
It was suggested that those involved in the collection
and interpretation of agrometeorological data for
the groundnut-growing areas in the SAT need to
pool their resources. A standardized method of col-
lecting min imum crop, soil, and climatic data should
be fol lowed. As far as possible the data storage,
retrieval, and processing should be undertaken on a 
un i form basis. It is recommended that init ial ly the
A G R H Y M E T Center o f the W M O and I C R I S A T
should jo in t ly undertake this task for the West A f r i -
can countries. A similar study should be made for
the S A D C C countries in the next few years.
M i c r o c l i m a t o l o g i c a l Research o n
G r o u n d n u t - b a s e d C r o p p i n g Systems
The group identified energy balance, water balance,
and environmental humidi ty as the main parameters
affecting crop production and disease and insect pest
infestations in the groundnut-growing areas. A clear
understanding of these parameters would be extremely
useful for planning agricultural activities. It is
recommended that a regional cooperative effort
should be launched to collect and disseminate soil,
crop, and climatic informat ion on a uni form basis
for use in these studies. The drought-related research
should be emphasized. The institutions that may be
involved are: I C R I S A T , I S R A , A B U , C I E H , Un i -
versity of Nott ingham, Tropsoils, C I R A D , and
O R S T O M .
S t u d y i n g E f f e c t s o f A g r o m e t e o r o -
logical F a c t o r s o n G r o u n d n u t G r o w t h ,
Insect-Pest P o p u l a t i o n D y n a m i c s ,
a n d Disease Infestat ions
The group discussed this aspect at some length.
There is a need to collect un i form data sets on crop,
soil, and climatic parameters for crop performance
and crop losses due to insect pests and diseases. It is
recommended that agroecological conditions in which
the losses to groundnut product ion and quality
occur should be defined and documented. Some of
the pr ior i ty research items are: research on aphids,
rosette, leaf spots, rust, termites, millipedes, aflatox-
ins, Aspergillus niger, storage, etc. The institutions
suggested for this research are: Peanut CRSP,
ISRA, and I N R A N .
S i m u l a t i o n o f G r o u n d n u t G r o w t h
a n d P r o d u c t i o n b y C l i m a t e - D r i v e n
M o d e l s i n the S e m i - A r i d Trop ics
There is a need to develop a simple and reliable
groundnut growth and development model. It should
be used for aggregation of yield response using a 
spatial agrometeorology network. The group believes
the use of a modeling approach would hasten the
process of technology development and transfer.
There is a real need to define cultivars by their phe-
nological development and part i t ioning in response
to temperature, daylength, and drought. Not only
are these traits needed to run the model, but the
model should be used to help define the ideal type of
cultivars for a given temperature, daylength, and
rainfal l environment.
There are two methods for model validation in
response to weather and soil. One involves f inal yield
measurement, whereas the other requires periodic
sampling of dry matter during the season. Only the
latter can help improve the model's capability for
predict ion. I B S N A T , I C R I S A T , University of Flor-
ida, and W M O are suggested institutions for colla-
borative research in this area.
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Group I I I
T r a i n i n g Needs o f Agrometeoro logis ts a n d A g r o n o m i s t s f o r Ef f ic ient Use o f
Ava i l ab le M e t e o r o l o g i c a l I n f o r m a t i o n
• The group suggests that future training work-
shops should be of longer durat ion to enable
participants to discuss more ful ly diverse aspects
of agricultural meteorology. It is also recom-
mended that participation of interdisciplinary
groups at the national level be encouraged at such
workshops. On the other hand, such workshops
could be held at the national level The possibility
of organizing such workshops every year to dis-
cuss the previous year's cropping situations should
be explored by A G R H Y M E T and ICRISAT.
Training of agrometeorologists at the university
level should be intensified to strengthen the
national research capabilities. Suggested univer-
sities include: Florida State University, Reading
University, (UK) , Fondation Universitaire Lux-
embourgeoise (Belgium), Nairobi University. Fund-
ing this type of training is a potential problem.
• Popularization and standardization of crop mod-
els wi l l require close collaboration between na-
t ional and international organizations such as
W M O and F A O , particularly for the acquisition
of precision instruments to strengthen national
program capabilities. It is suggested that the
available data be published in both English and
French to reach a wider audience. In addit ion,
manuals on agrometeorological information could
aid agronomists in their activities.
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Report on the Pre-Symposium Tra in ing W o r k s h o p
M . V . K . S i v a k u m a r
The symposium was preceeded by a week-long train-
ing workshop on 'Operat ional Appl icat ions of
Agrometeorology'. This workshop was designed for
agrometeorologists in Afr ica working on the appli-
cations of operational agrometeorology to improve
groundnut production. The workshop was jo in t ly
funded by the Wor ld Meteorological Organization
( W M O ) and the International Crops Research Insti-
tute for the Semi-Arid Tropics ( ICRISAT) .
Object ives
• To provide a forum for agrometeorologists in the
semi-arid tropics (SAT), especially in the West
Afr ican region, to discuss methodologies avail-
able for operational applications of agrometeo-
rology to groundnut cult ivation.
• To disseminate proven techniques of monitoring
groundnut response to environment in the semi-
arid regions, and to discuss means for uti l izing
this information operationally.
• To provide hands-on experience in the use of
simple models for analysis of rainfall data and of
soil water balance models using a computer, and
to encourage use of these models in the national
programs.
P a r t i c i p a t i o n
The workshop participants included 12 agrometeo-
rologists f rom the national programs of 10 countries
in Afr ica. A list of participants at the training work-
shop is given in Appendix 1. Ten of the participants
were f rom the West Afr ican region.
W o r k s h o p P r o g r a m
The training workshop emphasized the soil-plant-
atmosphere continuum approach. This recognizes
the fact that future progress in increasing and stabil-
izing groundnut yields in the SAT depends upon a 
more complete understanding of the interactions
between the soil, the plant, and the atmosphere. The
program for the training workshop hence empha-
sized the fol lowing areas:
• Collection and acquisition of climatic data and
its analysis, models of rainfall analysis.
• Soil-water balance: meteorological factors affect-
ing the soil-water balance, measurements of soil
water wi th emphasis on the use of the neutron
probe, and use of simple soil-water balance
models.
• Plant responses: use of plant measurements of
drought stress, monitor ing phenology of ground-
nut crop, diseases of groundnut in relation to
environment.
• Integration of the knowledge of the soil-plant-
atmospheric continuum using crop models for
operational applications in agrometeorology.
The program for the training workshop is given in
Appendix 2.
W o r k s h o p Facu l ty
Since the workshop was interdisciplinary and covered
soil, plants, the atmosphere, and the use of models,
the invited faculty was drawn f rom seven disciplines.
It included a meteorologist, two agrometeorologists,
a soil physicist, two plant physiologists, a statisti-
cian, a plant pathologist, and a computer software
specialist. The faculty for the training workshop is
given in Appendix 3.
L o c a t i o n a n d Facil i t ies fo r the
W o r k s h o p
The workshop was held at the A G R H Y M E T Cen-
ter, the W M O regional center for training in agricul-
tural meteorology and hydrology located in Niamey.
Since the participants of the training workshop
came f rom both anglophone and francophone coun-
tries in Afr ica, the workshop was b i l ingua l Facilities
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for simultaneous interpretation were available at the
A G R H Y M E T auditor ium. W M O provided the ser-
vices of two interpreters (listed in Appendix 3).
The workshop emphasized techniques for moni -
tor ing groundnut response to environment. These
techniques included:
• measurements of soil water using a neutron
probe,
• use of a steady-state porometer to measure stom-
atal conductance and transpiration in groundnut,
• use of an infrared thermometer for measuring
canopy temperature and canopy-air temperature
differential,
• monitor ing phenology of groundnut, and
• observation of diseases of groundnut.
To facilitate this work, eight groundnut varieties
wi th different morphological characteristics and
growth maturities were sown at the A G R H Y M E T
Center. The participants had the opportunity to
make measurements on the crop and familiarize
themselves with the instruments used.
The workshop also emphasized the use of simple
models for rainfall analysis and soil-water balance
models. The facilities of the A G R H Y M E T compu-
ter center were made available to the participants.
One fu l l day was used to acquaint the participants
wi th the use of the computer, fol lowed by use of the
models. Participants used data f rom West Afr ican
countries famil iar to them so that the analysis was
particularly relevant.
Par t i c ipan t In te rac t ion
The workshop was interactive wi th emphasis on
active part icipation. The participants were encour-
aged to exchange ideas and evolve concepts to better
utilize available methodologies for operational applica-
tions. The morning session on the final day was
devoted to presentations by the participants on the
current work in the respective national programs
and the need for improvements. This interaction
helped the participants and the faculty appreciate
the country needs and discuss future plans.
W o r k s h o p E v a l u a t i o n
In order to facilitate the evaluation of the training
workshop and help obtain feedback f rom the partic-
ipants, an evaluation fo rm was circulated on the
final day. A summary of the participant evaluation
of the training workshop is shown in Appendix 4. In
general the workshop was rated good to excellent.
Copies of the evaluation forms have been sent to
W M O for fol low-up action on the suggestions made
by the participants.
Overall, the workshop has been a success. It was
held in an atmosphere of free discussion and friendly
exchanges. It has been an educational experience for
us to work closely wi th the participants f rom the
national programs.
A c k n o w l e d g e m e n t s
On behalf of I C R I S A T , I wish to thank Dr . Ri jks of
the Climate Applications Program of W M O for
providing us the opportunity to help organize this
training workshop. Dr. Coly, the Director General
of A G R H Y M E T has been highly supportive of the
workshop. Our grateful thanks to h im and all the
staff of A G R H Y M E T Center for their generous
cooperation and help.
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Appendix 1 
List of Participants
Dial lo Alhassane
Agrometeorologiste
Meteorologie Nationale
B. P. 576
Ouagadougou
B U R K I N A FASO
H. E. Dandaula
Agrometeorologist
Meteorological Department
P. O. Box 2 
Chileka
M A L A W I
G. Faustin
Chef de la division Agrometeorologie
Centre A G R H Y M E T
B. P. 11011
Niamey
NIGER
M. Konate
Chef de la division Agrometeorologie
Direction Nationale de la Meteorologie
B. P. 237
Bamako
M A L I
D. A. Kashasha
Agrometeorologist
Directorate of Meteorology
P. O. Box 3056
Dar es Salaam
T A N Z A N I A
Al io Maidoukia
Chef de la division Agrometeorologie
Meteorologie Nationale
B.P. 218
Niamey
N I G E R
Labo Moussa
Meteorologie Nationale
B.P . 218
Niamey
N I G E R
Betoloum Neasmiangodo
Direction des Ressources en eau
et de la Meteorologie
B. P. 429
N'Djamena
C H A D
Ndene Ndiaye
Chef de la division Agrometeorologie
Service Meteorologique
B. P. 8257
Dakar Yoff
SENEGAL
J. J. Owonubi
Agroclimatologist
Faculty of Agriculture
Institute of Agricultural Research
Ahmadu Bello University
P M B 1044
Samaru, Zaria
N I G E R I A
Tawaye Yacouba
Meteorologie Nationale
B.P. 218
Niamey
NIGER
Ametsipe Komi Zatu
Agrometeorologiste
Direction de la Meteorologie
Nationale
B. P. 1505
Lome
TOGO
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Appendix 2 
Program for the Training Workshop
12 /13 August
Par t i c ipan ts a r r i ve i n N i a m e y
14 August
0800 D . L a m b e r g e o n , A G R H Y M E T Center
C l i m a t i c - d a t a management : acqu is i t i on , re t r ieva l and u t i l i za t i on
0900 M . V . K . S i v a k u m a r , I C R I S A T
C l i m a t i c - d a t a acqu is i t i on us ing an au toma t i c weather s ta t ion . V i s i t t o
I C R I S A T Sahel ian Center
1230 L u n c h
1530 M . V . K . S i v a k u m a r , I C R I S A T
Ana lys i s o f a u t o m a t i c weather s ta t i on da ta . D i s p l a y o n the A G R H Y M E T
c o m p u t e r and c o m p u t a t i o n o f po ten t i a l evapo t ransp i ra t i on
15 August
0800 S . M . V i r m a n i , I C R I S A T
M e t e o r o l o g i c a l character ist ics pa r t i cu la r l y re lated to so i l -water balance o f
t yp i ca l g r o u n d n u t - g r o w i n g areas
1000 S h a r o n L e D u c , N O A A
A p p l i c a t i o n s o f c rop mode ls f o r ope ra t i ona l A g r o m e t e o r o l o g y
1230 L u n c h
1530 D . L . K e t r i n g , U S D A - A R S and M . V . K . S i v a k u m a r , I C R I S A T
Measurements o f p lan t -wa te r stress in g r o u n d n u t . Use o f steady-state
po rome te r and in f ra red t he rmomete r
16 August
0800 M . V . K . S i v a k u m a r , I C R I S A T
Ana lys i s o f r a i n f a l l da ta : use o f p r o b a b i l i t y mode ls , m o n t h l y r a i n f a l l
stat ist ics
1000 R. C . Chase, Texas A & M Un ive rs i t y
P rac t i ca l t r a i n i n g in the measurement o f so i l mo is tu re us ing a n e u t r o n p robe
1230 L u n c h
1530 S . M . V i r m a n i and M . V . K . S i v a k u m a r , I C R I S A T
Use o f s imp le mode ls f o r de f i n i n g the mo is tu re adequacy f o r g r o u n d n u t :
so i l -mo is tu re mode ls
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1630 D . Lambergeon , A G R H Y M E T Center
A G R H Y M E T compute r system f o r users i n C I L S S count r ies
1730 S . K . K a w , A G R H Y M E T Center
Opera t i ona l features o f A G R H Y M E T compu te r
17 August
0800 M . V . K . S i vakumar , I C R I S A T
Use o f ra in fa l l models o n the A G R H Y M E T compu te r
1230 L u n c h
1530 M . V . K . S i vakumar , I C R I S A T
Use o f so i l -mois ture models on the A G R H Y M E T compu te r
18 August
Sunday Free
19 August
0800 J . H . W i l l i a m s , I C R I S A T
Pheno logy and g r o w t h character ist ics o f g r o u n d n u t
1000 Pheno log ica l observat ions in the f ie ld
1230 L u n c h
1530 D . H . S m i t h , Texas A & M Un ivers i t y
Diseases o f g r o u n d n u t c rop . Ro le o f me teoro log ica l fac tors i n t he i r
in fes ta t ion
20 August
0800 Presentat ions by par t i c ipants
1230 L u n c h
1530 W o r k s h o p eva lua t ion and f ina l synthesis
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Appendix 3 
Faculty for the Workshop
R. C Chase, Senior Soil Physicist, Texas A & M University, I C R I S A T Sahelian Center, Niamey, Niger
S..K. Kaw, Chief, Division of Software, A G R H Y M E T Center, Niamey, Niger
D. L. Ketr ing, U S D A - A R S , Plant Science and Water Conservation Laboratory, Stil lwater, Oklahoma, USA
D. Lambergeon, Directeur des Activites Operationnelles, A G R H Y M E T Center, Niamey, Niger
Sharon LeDuc, N O A A , University of Missouri , Columbia, Missouri , USA
M. V. K. Sivakumar, Principal Agroclimatologist, Resource Management Program, I C R I S A T Sahelian
Center, Niamey, Niger
D. H. Smith, Professor of Plant Pathology, Texas A & M University, Yoakum, Texas 77995, USA
S. M. V i rmani , Principal Agrocl imatologist, Resource Management Program, I C R I S A T , Patancheru, A.P.
502 324, India
J. H. Wil l iams, Principal Plant Physiologist, Groundnut Improvement Program, I C R I S A T , Patancheru,
A.P. 502 324, India
Interpreters for the Workshop
Ti l ly Gail lard, 25, Av. du Marechal de Lattre, 92210 Saint-Cloud, France
Elisabeth Benamar, 26, rue Malivert, 01630 Saint-Genis, France
276
I tem
1. Arrangements
Travel /Hotel /Transportat ion
2. Workshop schedule
Program
Time allocation to each subject
3. Lectures
Quality
Content
4. Computer-related work
Practical work pertaining to:
Automatic weather station and transfer of data
Simple models of rainfall
Soil-water balance models
5. Field work
Practical work related to:
Neutron-probe technique
Steady-state porometer
Infrared thermometer
Phenology
Diseases
Excellent
62
71
13
47
40
79
57
57
80
67
50
14
46
Rating (%)
Good
38
29
66
53
60
21
43
36
7
27
43
72
46
Fair Poor
-
-
21
-
-
-
-
7
13
6
7
14
8
Appendix 4 
Summary of Participant Evaluation of the Training Workshop
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Par t ic ipants
Ismael Albade
Instructeur
Div is ion d 'Agrometeorologie
Centre A G R H Y M E T
B.P. 11011
Niamey
N I G E R
Dial lo Alhassane
Agrometeorologiste
Meteorologie Nationale
B. P. 576
Ouagadougou
B U R K I N A FASO
Idrissa Also
Directeur Adjo int
Services Meteorologiques Nationales
B .P . 218
Niamey
N I G E R
K. Anand Kumar
Principal Mi l let Breeder
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
Amadou Ba
Secteur Centre-Sud
B. P. 199
Kaolack
S E N E G A L
A. Batiano
Principal Soi l Scientist
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
S. R. Beckerman
Editor
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
E. Benamar
Interprete
26 rue Malivert
01630 Saint-Genis
F R A N C E
M. Bernardi
Expert en Bioclimatologie
F A O
B. P. 11246
Niamey
N I G E R
K. J. Boote
Associate Professor
Department of Agronomy
University of Flor ida
304 Newell Hal l
Gainesville, Flor ida 32611
USA
Mohammed Boulama
Directeur
Services Meteorologiques Nationales
B. P. 218
Niamey
N I G E R
R. Chase
Senior Soil Physicist
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
B. Coly
Directeur General
Centre A G R H Y M E T
B. P. 11011
Niamey
N I G E R
D. G. Cummins
Program Director
Peanut CRSP
University of Georgia Experiment Station
Experiment, Georgia 30212
USA
278
C. Dancette
Ingenieur de Recherche
I S R A
Bambey
S E N E G A L
H. E. Dandaula
Agrometeorologist
Meteorological Department
P. O. Box 2 
Chileka
M A L A W I
Idrissa Dicko
Professeur
Institut Superieur Polytechnique
Universite de Ouagadougou
B. P. 7021
Ouagadougou
B U R K I N A FASO
G. Faustin
Chef de la division Agrometeorologie
Centre A G R H Y M E T
B.P. 11011
Niamey
N I G E R
F. Forest
Agroclimatologiste
I R A T , C I R A D
B.P. 5035
Montpell ier
F R A N C E
M. Frere
Senior Officer (Meteorological Group)
Plant Production and Protection Division
F A O
Via delle Terme di Caracalla
00100 Rome
I T A L Y
L. K. Fussell
Principal Agronomist
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
T. Gail lard
Interprete
25, Av du Marechal de Lattre
92210 Saint-Cloud
F R A N C E
K. H. Garren
408 Kingsdale Red
Suffolk, Virginia 234337
USA
R. W. Gibbons
Program Leader
Groundnut Improvement Program
I C R I S A T
Patancheru, A.P. 502 324
I N D I A
P. F. Gill ier
15-17 Allee du Clos de Tourvoie
94260 Fresnes
F R A N C E
C. Giroux
French Editor
I C R I S A T Sahelian Center
B. P. 12404
Niamey
NIGER
D. Harris
Department of Physiology
and Environmental Studies
School of Agriculture
University of Nottingham
Sutton Bonington
Loughborough LE12 5RD
U K
J. L. Hatfield
Agrometeorologist
USDA-ARS Station
Route 3 
Lubbock, Texas 79401
USA
W. Hoogmoed
Agricultural Engineer
University of Wageningen
Wageningen
N E T H E R L A N D S
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C.A. Igeleke
Assistant Director
Meteorological Department
Lagos
N I G E R I A
C. R. Jackson
Director, I C R I S A T Sahelian Center
and West Afr ica Programs
I C R I S A T Sahelian Center
B.P. 12404
Niamey
N I G E R
E. T. Kanemasu
Laboratory Leader
Evapotranspiration Laboratory
Kansas State University
Manhattan, Kansas 66506
USA
J.S. Kanwar
Director of Research
I C R I S A T
Patancheru, A. P. 502 324
I N D I A
D. A. Kashasha
Agrometeorologist
Directorate of Meteorology
P. O. Box 3056
Dar es Salaam
T A N Z A N I A
D. L. Ketr ing
Plant Physiologist
US DA -A RS
Plant Science and Water Conservation Laboratory
P .O. Box 1029
Stillwater, Oklahoma 74076
USA
J. L. Khalfaoui
C I R A D / I R H O
B.P. 266
Dakar
SENEGAL
M . C . Klai j
Agricultural Engineer
I C R I S A T Sahelian Center
B. P. 12404
Niamey
NIGER
M. Konate
Chef de la division Agrometeorologie
Direct ion Nationale de la Meteorologie
B.P. 237
Bamako
M A L I
D. Lambergeon
Directeur des Activites Operationnelles
Centre A G R H Y M E T
B.P. 11011
Niamey
N I G E R
R.E. Lynch
Supervisory Research Entomologist
Insect Biology and Population
Management Research Laboratory
U S D A - A R S and Department of Entomology
Coastal Plain Experiment Station
University of Georgia
T i f ton, Georgia 31794
USA
Al io Maidoukia
Chef de la division Agrometeorologie
Meteorologie Nationale
B. P. 218
Niamey
NIGER
R. Matthews
Plant Physiologist
Department of Environmental Physics
School of Agriculture
University of Nott ingham
Sutton Bonington
Loughborough L E I 2 5 R D
U K
N. Morre l
Consultant
Centre A G R H Y M E T
B.P . 11011
Niamey
N I G E R
Amadou Mounkai la
Selectionneur d'arachide
I N R A N
Maradi
N IGER
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Labo Moussa
Meteorologie Nationale
B .P . 218
Niamey
N I G E R
Aly Ndiaye
Chef de la division Agrometeorologie
Services Meteorologiques
B.P. 8257
Dakar Yoff
S E N E G A L
Betoloum Neasmiangodo
Direction des Ressources en Eau et de
la Meteorologie
B. P. 429
N'Djamena
C H A D
B. R. N'tare
Cowpea Agronomist
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
K. F. Nwanze
Director (Acting)
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
M. A. Ogunwale
Principal Agrometeorologist
Meteorological Department
Lagos
N I G E R I A
M. K. O'Neil l
Agronomist
Projet Productivity Niger
Niamey
N I G E R
C. K. Ong
Principal Agronomist
Resource Management Program
I C R I S A T
Patancheru, A. P. 502 324
I N D I A
A. P. Ouedrago
Professeur
Institut Superieur Polytechnique
University de Ouagadougou
B. P. 7021
Ouagadougou
B U R K I N A FASO
J. J. Owonubi
Agroclimatologist
Faculty of Agriculture
Institute of Agricultural Research
Ahmadu Bello University
P M B 1044
Samaru, Zaria
N I G E R I A
R. E. Pettit
Associate Professor
Department of Plant Pathology and Microbio logy
Texas A & M University
College Station, Texas 77843
USA
C. Picasso
I R H O / C I R A D Burkina Faso
B. P. 1345
Ouagadougou
B U R K I N A FASO
C. Renard
Cropping Systems Agronomist
ICR ISAT Sahelian Center
B.P. 12404
Niamey
NIGER
D. Rijks
Chief
Wor ld Climate Applications Program
W M O
Geneva
S W I T Z E R L A N D
T. H. Sanders
Plant Physiologist
USDA-ARS
National Peanut Research Laboratory
1011 Forrester Drive, S. E.
Dawson, Georgia 31742
USA
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P. Sankara
Universite de Ouagadougou
B. P. 7021
Ouagadougou
B U R K I N A FASO
Bachir Sarr
Insti tut de Technologie Alimentaire
B. P. 2765
Dakar Hann
S E N E G A L
C. E. Simpson
Texas A & M University
Research and Extension Center
Box 292
Stephenville, Texas 76401
U S A
M. V. K. Sivakumar
Principal Agroclimatologist
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
D. H. Smith
Professor of Plant Pathology
Texas A & M University
Texas Agricul tural Experiment Station
Plant Disease Research Station
Yoakum, Texas 77995
USA
L. D. Swindale
Director General
I C R I S A T
Patancheru, A.P. 502324
I N D I A
A. Tekete
Principal Agronomist
(University of Hoheinheim)
I C R I S A T Sahelian Center
B. P. 12404
Niamey
N I G E R
Daouda Toukoua
Responsable de la Division
etudes et programmes
I N R A N
Niamey
N I G E R
S. M. Vi rmani
Principal Agroclimatologist
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